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Abstract

Hornbills are recognized as environmental indicators
and are the focus of awareness-raising and tourism
activities, but their populations are declining due to
habitat degradation and poaching in Thailand. The
objectives of this study were to estimate the popula-
tion densities of four hornbill species found in Khao
Yai National Park, Thailand, namely Oriental Pied
Hornbill (Anthracoceros albirostris), Great Hornbill
(Buceros bicornis), Wreathed Hornbill (Rhyticeros
undulatus), and Austen’s Brown Hornbill (Anorrhinus
austeni). In the core area of the national park, cover-
ing 144 km? (12 km x 12 km), we surveyed the horn-
bills along 10 line transects of approximately 1.5 km
length along nature trails, roads, and patrol routes in
the non-breeding season from June 2022 to Decem-
ber 2022. Distance sampling density estimation using
the DISTANCE 7.5 program showed that the popula-
tion density of Oriental Pied Hornbill, Great Hornbill,
and Wreathed Hornbill were 10.48 (n = 47), 2.41 (n

= 26), and 2.60 (n = 29) individuals/km?, respectively.
The densities of the first two species were lower than
in an earlier study conducted in Khao Yai and in Huai
Kha Khaeng Wildlife Sanctuaries, possibly due to the
habitat changes and seasonal movements, respective-
ly. Austen’s Brown Hornbill was not detected during
the survey period. The results can serve as a baseline

for long-term monitoring of hornbill populations, help

evaluate the management effectiveness and guide
tourism activities in Khao Yai National Park, a portion
of the Dong Phayayen — Khao Yai Forest Complex
Natural World Heritage Site.

Keywords: hornbills, population, density estima-
tion, Khao Yai National Park

Introduction

Hornbills belonging to the Family Bucerotidae
are medium- to large-sized, large-billed, long-
tailed birds of tropical forests, savannas, and
grasslands. Sixty-three hornbill species are dis-
tributed widely through the tropical regions of
Africa and Asia (IUCN, 2024). Most hornbills
live in relatively intact forests, and nest in cavi-
ties in large trees, while some species, such as
the Southern Ground-Hornbill (Bucorvus lead-
beateri) in Africa, occur in grassland and open
woodland (Combrink et al., 2020). Of the thir-
teen species of hornbills recorded in Thailand
(Poonswad et al., 2013), populations of twelve
species are decreasing (IUCN, 2024) chiefly
due to forest fragmentation and habitat loss.

Hornbills are recognized as keystone species
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noted for their role as seed dispersers in tropical
forests, due to which they are commonly referred
to as forest farmers. Nevertheless, 50% of hornbill
species are vulnerable to terrestrial hunting and
trapping, followed by small-holder farming and
effects of logging. Based on a review of studies,
Asian hornbills are known to disperse seeds of
748 plant species in tropical forests, as recorded
in data on 29 different hornbill species in 98 pub-
lications from 8 countries, particularly Thailand
(Kitamura, 2011; Naniwadekar and Datta, 2013).
Therefore, they are recognized as ecological in-
dicators of the integrity of environmental chang-
es and as species that perform crucial ecosystem
functions. In addition, hornbills have distinctive
features such as large bills, casque and peculiar
breeding habits making them attractive and char-
ismatic species suitable for awareness raising and
tourism activities.

Thailand's forest cover in 2023 was 31.47% of
the total country area, following a decrease of
over 50,800 ha from the previous year (Forest
Land Management Office, 2023). Besides hab-
itat loss and fragmentation, the destruction
of primary forest is also diminishing hornbill
habitat and reducing availability of potential
breeding sites and food resources. Moreover,
nest trees losses and poor cavity condition can
be a natural threat to hornbill populations and
breeding. Repairing cavities before the breed-
ing season has therefore been emphasized
as a technique by the Thailand Hornbill Proj-
ect team (THP team) to increase the breeding
opportunities. In Khao Yai National Park, Thai-
land, populations of hornbills, especially Great
Hornbills (Buceros bicornis), would have likely
decreased without cavity monitoring and man-
agement (Poonswad et al., 2013). Among oth-
er species, Rufous-necked Hornbill (Aceros ni-
palensis) is absent from Mae-Ping-Omkoi and
Doi Phukha-Mae Yom Complexes in Thailand
because of hunting and forest encroachment,
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while the Tickell's Brown Hornbill (Anorrhinus
tickelli) and Great Hornbill persist at low abun-
dance at Om Koi but have disappeared from
Mar Tuen, Thailand, because of prolonged
fragmentation (Pattanavibool and Dearden,
2004; Trisurat et al., 2013). Globally, the [IUCN
has designated three species of hornbills as
Critically Endangered, five as Endangered,
seventeen as Vulnerable, and other species at
lower risk (IUCN, 2024). In addition, most horn-
bill species in Thailand have been classified as
endangered or critically endangered by the
Thailand Red List (ONEP, 2017).

There are 18 forest complexes (Fig. 1a) and
445 units of protected area covering 108,115
km? or approximately 21% of the land area in
Thailand (DNP, 2021, 2022). A recent study
reported that hornbills are distributed in 12
forest complexes in Thailand, with the total
extent of hornbill habitats spanning 9.3% of
the country’s land area (Fig. 1b, Trisurat et al.,
2013). The nationwide assessment indicated
that Thailand’s hornbills are mainly concentrat-
ed in 5 hornbill hotspots among the total 18
protected area complexes, namely Western
Forest complex (WEFCOM), Dong Phayayen
- Khao Yai, Khlong Saeng — Khao Sok, Khao
Luang, and Hala Bala. These areas have high
species richness, conservation status and po-
tentially suitable habitat size criteria more than
other complexes. The WEFCOM is the largest
surviving forest in Thailand where five hornbill
species are recognized. Despite the complex’s
high biodiversity, human disturbances, illegal
logging, agricultural practices, and wildlife
poaching occur in this area. (Emphandhu and
Kalyawongsa, 2006; Trisurat et al., 2013). Dong
Phayayen — Khao Yai, was isolated from other
complexes so it plays a role as a source of horn-
bills in the north-east besides being important
for Austen’s Brown Hornbill Anorrhinus austeni
(Trisurat et al., 2013). Six hornbill species were
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Fig. 1. Map of Forest Complexes in Thailand (a) (DNP, 2021) and (b) the predicted distribution map of

hornbills (Trisurat et al., 2013).

found in Khlong Saeng-Khao Sok complex (Tri-
surat et al., 2013). Human disturbance and for-
est fragmentation affected the Khao Luang for-
est; however the Black Hornbill (Anthracoceros
malayanus) occurs here (Round et al., 2006; Tri-
surat et al., 2013). Although Hala Bala was sub-
ject to logging during 1987 — 1992, it is home
to nine of the thirteen species of hornbills, es-
pecially Rhinoceros Hornbill (Buceros rhinoc-
eros) and Wrinkled Hornbill (Rhabdotorrhinus
corrugatus) only found in this habitat (Gale and
Thongaree, 2006; Trisurat et al., 2013).

Nevertheless, areas outside protected areas
can offer potentially suitable habitats for some
hornbill species. Thus, increasing connectivity
of suitable habitats not only in forest complex-
es, but also outside, can help in maintaining
hornbill populations. Furthermore, hunting is

a big threat to hornbills since their large size
and loud calls and sound make them easy and

preferred targets of hunters (Poonswad et al.,
2013).

Besides species distribution, species abun-
dance or population density is an essential
parameter to determine species status and
response to changes in forests and other en-
vironmental factors (Balvanera et al., 2022;
Brodie et al., 2013). In Thailand, some hornbill
species are classified as “a protected wild ani-
mal” while others are classified as “a conserved
wild animal” and studies on hornbill popu-
lations are critical for conservation manage-
ment (Royal Thai Government Gazette, 2019).
However, hornbill population estimations have
been done unsystematically in selected pro-
tected areas in Thailand (Round et al., 2005;



BirdLife International, 2023a. 2023b; Gale and
Thongaree, 2006; Johnburom et al., 2010). As
mentioned above, Khao Yai is the core area
of WEFCOM and is recognized as a hotspot
for biodiversity conservation. Understanding
temporal variation in densities provides cru-
cial information for formulating effective con-
servation strategies based on species-specific
abundance patterns and population trends.
To address this knowledge gap and obtain a
baseline for use in future monitoring, the ob-
jective of this study was to estimate the pop-
ulation density of four hornbill species in the
core area of Khao Yai National Park during the
non-breeding season.

Methods

Study Area

The research was carried out at Khao Yai Na-
tional Park in central and northern Thailand.
Khao Yai National Park was established as the
first national park in Thailand in 1962. Khao Yai
National Park is a part of the Dong Phayay-
en — Khao Yai Forest Complex (DPKY), which
comprises five almost contiguous Protected
Areas: Khao Yai National Park, Thap Lan Na-
tional Park, Pang Sida National Park, Ta Phraya
National Park, and Dong Yai Wildlife Sanctuary.
This protected forest complex was inscribed as
a UNESCO natural world heritage site in 2005.
Meanwhile, Khao Yai was designated an Asian
Heritage Park, an important bird area (IBA,
BirdLife International, 2023), and a key biodi-
versity area or KBA (Tordoff et al., 2012). It was
the first study site of the Thailand Hornbill Proj-
ect initiated in 1978 (Poonswad et al., 2013).
The Park covers approximately 2,168 km? and
encompasses a heterogeneous landscape
across altitudes ranging from 101 m above sea
level to 1,351 m at the Khao Lam peak. The av-

erage annual rainfall is 2,250 mm with the rainy
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season from May to October and highest rain-
fall in September. The average temperature is
22°C during the day and 9-10°C during the
night. Khao Yai remains covered by evergreen
forest (78% of the area) and mixed deciduous
forest (10%), with much of it tall, good quality
primary forest, besides remnant grassland and
secondary growth (Temchai et al., 2014).

Khao Yai National Park provides habitats for
more than 800 faunal species, including 112
species of mammals, 400 species of birds, and
200 species of reptiles and amphibians. It is in-
ternationally important for the conservation of
globally threatened and endangered species
such as elephants (Elephas maximus), leopard
cats (Prionailurus bengalensis), banteng (Bos
javanicus), gibbons (Hylobates lar and Hylo-
bates pileatus) and hornbills (UNESCO).

Based on long-term monitoring data, Khao Yai
provides habitats for 4 out of 13 hornbills in
Thailand including Oriental Pied Hornbill (PH)
Anthracoceros albirostris, Great Hornbill (GH),
Wreathed Hornbill (WH) Rhyticeros undulatus
and Austen’s Brown Hornbill (BH) (Poonswad
et al., 2013). Previous hornbill studies in Khao
Yai also included home ranges of male Great,
Brown and Wreathed Hornbills (Poonswad and
Tsuji, 1994) and the nest site characteristics
of four sympatric hornbill species (Poonswad,
2008).

The density of four hornbills including Ori-
ental pied Hornbill (PH), Great Hornbill (GH),
Wreathed Hornbill (WH), and Austen’s Brown
Hornbill (BH) at Mo Singto forest dynamics
plot, which is dominated by evergreen forest
surrounded by forest edge and secondary
growth, was estimated at 0.57, 0.04, 0.13 and
0.02 individuals/ha, respectively (Round et al.,
2005). Since then, there has been no popula-
tion estimation in Khao Yai National Park.
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Khao Yai National Park is the highest visited na-
tional park in Thailand with around 1.4 million
visitors per year (DNP, 2022). The main human
activities in the park are hiking, wildlife watch-
ing, visiting waterfalls, and camping. More-
over, Khao Yai is the one of the best places for
bird watching in Thailand (Khao Yai National
Park, n.d.). Promoting ecotourism, besides
economically benefiting the park, can also help
in conserving and raising awareness on horn-
bills if proper birdwatching etiquette, observer
behavior and environmental sensitivity are fos-
tered. Ecotourism during wildlife watching can
supplement patrolling of the park (Koid et al.,
2021). Ecotourism can potentially have positive
impacts for hornbill conservation, alongside
other management efforts such as cavity mon-
itoring and repairing, and protection from hu-
man disturbance and logging in the protected
area and surrounding buffer zone. Presently,
Khao Yai lacks up-to-date information on horn-
bill population density and trends to evaluate
the management effectiveness and to guide
tourism activities in the park.

Survey method

The intensive study site for hornbill density es-
timation was located in the core area of Khao
Yai, covering 144 km?, around the park head-
quarters. Habitat types include moist ever-
green forest (44%), dry evergreen forest (39%),
mixed deciduous forest (11%), secondary
growth (4%), grassland and others (3%) (Tem-
chai et al., 2014). This area has many hornbill
nests (Thailand Hornbill Research Foundation,
2022) and there are many natural trails provid-
ing easy access. Elevations range from 515 m
to 880 m above sea level.

Field surveys were conducted using line tran-
sect sampling between June 2022 to Decem-
ber 2022 mostly in the non-breeding season.
Transects were surveyed from 06:00 to 11:00 h

and from 14:00 to 17:00 h to record hornbills,
avoiding days with heavy rain or high winds
(Mynott et al., 2021). The 144 km? (12 km x 12
km) study area was surveyed using 10 transect
lines, covering natural trails, roads, and patrol
routes. The transect lines were approximate-
ly 1.5 km long and spaced at least a kilometer
apart to prevent duplicate counts. Each transect
was walked 7 times to cover at total of 105 km
(1.5 km x 10 transect x 7 revisits). There was 30
days gap between revisits to the same lines. We
recorded all direct hornbill detections, both vi-
sual and aural.

For each hornbill detection, we recorded the
species, number of individuals, and sex. Angles
between the observation and the transect line
were measured using a compass, and the dis-
tances between the observer and the bird were
measured using rangefinders (Nikon Coolshot
20 GIll). Besides weather conditions, we also
recorded hornbill behavior such as singing,
perching, and flying, as well as other activities
such as eating and resting. The total survey dis-
tance was 105 km (1.5 km x 10 survey lines x 7
replications). For flying hornbills detected, we
measured distance between the observer and
a tree located on the same vertical plane. Lo-
cations of hornbill occurrences were recorded
in UTM using AlpineQuest Off-Road Explorer
2.3.3d mobile phone application.

Data Analysis

As hornbills are large, conspicuous and mobile
species, we used line transect surveys and dis-
tance sampling methods to estimate popula-
tion densities (Gregory et al., 2004). The data
collected were analyzed using the DISTANCE
7.5 Windows computer program (Thomas et
al., 2010). Hornbill cluster sizes were estimated
from the data on number of individuals in each
detection. Density estimation was based on se-
lection of the detection function that best fit the



data from among half-normal, hazard-rate, and
uniform models with cosine adjustment terms.
Model selection procedure followed Buckland
et al.,(1993), which included: (1) selecting the
model with the lowest AIC (Akaike's informa-
tion criterion), as the best and parsimonious
fit; (2) choosing the lowest percentage coef-
ficient of variation (%CV) as indicative of the
precision of the estimate, and (3) based on the
Chi-square Goodness-of-fit test (P>0.05) indic-
ative of model fit. Along with that we used 150
m and 160 m right truncation for estimation
of densities of PH and GH, respectively. These
truncation distances provided suitable visual
detections of these two species and the lowest
AIC. Likewise, we used 250 m right truncation
for WH because we often detected it at longer
distances than PH and GH. In addition, we es-
timated densities considering two options: (1)
only visual detections, and (2) combined visu-
al and auditory detections, then evaluated the

Hornbill Nat. Hist. & Conserv.

performance of both options.

We created the distribution map of hornbills by
overlaying hornbill observer positions and envi-
ronmental variables. The observation positions
were derived from the angles between the ob-
servation and the transect line and the distanc-
es between the observer and the bird. We used
QGIS software (version 3.22.7) to derive relevant
environmental data, including forest type, digi-
tal elevation model (DEM), distance to stream,
distance to road, distance to building, and dis-
tance to ranger station (Temchai et al., 2014) as
indicative descriptors of habitat preferences of
hornbills in the landscape.

Results

Hornbill detection, cluster size and encounter
rate
During the 7-month survey, we encountered 538

Table 1. The number of hornbills found in the core area of Khao Yai National Park between June 2022 and

December 2022.
Number of detections
Total
Supplementary
Species During transect Total individuals
observations
detections sighted
Visual Auditory Total Visual Auditory Total

PH 54 45 99 19 8 27 126 173
GH 38 52 90 12 11 23 113 112
WH 37 13 50 26 1 27 77 253

BH - - - - 1 1 1 -
Total 129 110 239 57 21 78 317 538
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Fig. 2. Detection Probability Plots of three hornbill species in line transect surveys in the core area of Khao
Yai National Park between June 2022 and December 2022: (a) Oriental Pied Hornbill; (b) Great Hornbill; (c)

Wreathed Hornbill. (Photos: K. Phanakorn)

individuals of four hornbill species both along
the transects and outside the transects in supple-
mentary observations (Table 1). The numbers of
WH contributed about 47% of the total individuals.
During the survey period, Austen’s Brown Hornbill
was not detected and only one auditory detection
was recorded. Therefore, it was excluded for den-
sity estimation.

Model fit (using AIC, %CV, and Chi-square Good-
ness of fit test) was assessed separately for: (1)
only visual detections, and (2) combined visual and
auditory detections. As the model results showed
that visual detection data of three hornbill species

provided better performance than the combined
visual and auditory detections, it was used to cal-
culate cluster sizes, encounter rates, and densities.
Details of best-fit models and fitted detection
functions are presented in Table 2 and Fig. 2.

Based on the visual detections of hornbills along
transect lines, PH, GH and WH had mean cluster
size in individuals/cluster (and encounter rates in
individuals/km) of 2.33 (0.51), 2.24 (0.36), and 4.43
(0.35), respectively (Table 3).

Population density of hornbills
Based on the selected models and parameters
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Table 2. Details of selected models for density estimation of hornbills in the core area of Khao Yai National

Park between June 2022 and December 2022.

Key function + Right GOF y2
Species Detection e){ dnetion . '9 . AIC X
Series expansion  truncation (m) p
) Half-
PH Visual . 150 438.87 0.56
normal+cosine
GH Visual Uniform + cosine 160 253.35 0.55
WH Visual Half-normal + 250 317.99 045

cosine

Fig. 3. Distribution map of four hornbill species with environmental layers in the core area of Khao Yai

National Park.
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Table 3. The mean cluster size and the encounter rate of hornbills in the core area of Khao Yai National Park

between June 2022 and December 2022.

Species Detection Number of Mean . Standard I%ncc.)l.fnter rate
clusters (n) cluster size error (individuals/km)

PH Visual 54 2.33 0.17 0.51

GH Visual 38 2.24 0.29 0.36

WH Visual 37 4.43 0.96 0.35

Table 4. The estimated densities of hornbills in the core area of Khao Yai National Park between June 2022

and December 2022.

Density (individuals/km?)
Species DS n 95% Cl

D SE+ %CV

Lower Upper

Oriental pied Hornbill (PH)  4.98 47 10.48 3.22 30.72 5.62 19.52
Great Hornbill (GH) 1.43 26 2.41 0.83 34.66 1.16 4.98
Wreathed Hornbill (WH) 0.82 29 2.60 0.87 33.31 1.33 5.12

Abbreviations: DS: density of clusters (clusters/km?2); n: number of hornbill detections/clusters; D: density
(individuals/km?); SE=: standard error; % CV: % coefficient of variation; 95% CI: 95% Confidence Interval

(Tables 2 and 3) we estimate PH, GH, and WH
cluster densities at 4.98, 1.43, and 0.82 cluster/
km?, respectively (Table 4). The corresponding
PH, GH, and WH densities were 10.48, 2.41,
and 2.60 individuals/km?, respectively. In the
DISTANCE models, about 13%, 31% and 26%
of visual detections for PH, GH and WH, re-

spectively, were discarded for the analysis after
right truncation.

Environmental variables in study area

The results of GIS overlay and field observa-
tions indicated that moist evergreen forest was
the most frequent habitat of occurrence for all



hornbills (43.5%), followed by dry evergreen
forest (39.0%), mixed deciduous forest (10.8%)
and others 6.7% (Fig. 3).

Discussion

Khao Yai National Park located in the WEFCOM
is recognized as a hornbill hotspot in Thailand
(Trisurat et al., 2013). The park provides habi-
tats for 4 out of 13 hornbill species, namely Ori-
ental Pied Hornbill (PH), Great Hornbill (GH),
Wreathed Hornbill (WH), and Austen’s Brown
Hornbill (BH) (Poonswad et al., 2013). In addi-
tion, Khao Yai is one of three research areas for
long-term monitoring of hornbill populations
and nesting (Thailand Hornbill Research Foun-
dation, 2022). In addition, hornbills are flagship
species for ecotourism in the park (Koid et al.,
2021). Up-to-date information on hornbill popu-
lation and their distribution can therefore serve
as a baseline for long-term monitoring of horn-
bill populations and help evaluate the manage-
ment effectiveness, besides helping guide tour-
ism activities in Khao Yai National Park.

Population density was not estimated for Aus-
ten’s Brown Hornbill due to inadequate detec-
tions. The number of visual detections for PH
was heighest (Table 3) likely due to PH being the
most adaptable hornbill, listed as Least Concern
(LC) status at global and national levels (BirdLife
International, 2020a; ONEP, 2017). With their
small size and broader habitat preference, they
are more frequently detected (BirdLife Interna-
tional, 2023a). In contrast, the GH is generally
found in evergreen forests and is more sensi-
tive to human proximity (BirdLife International,
2023b). This may account for the less frequent
detections of GH than PH (Hornbill Specialist
Group, n.d.). The WH also normally avoids dis-
turbed habitats and proximity to humans and
despite their wide-ranging habits are more dif-
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ficult to detect compared to PH and GH. Nev-
ertheless, WH has the highest number of indi-
viduals (253 individuals; Table 1) and a higher
encounter rate possibly due to larger flock sizes
(maximum in a fruiting tree was up to 30).
Round et al.,(2005) found 57 individuals/km? of
PH in a biodiversity research plot in Mo Sing-
to at Khao Yai National Park, which is almost
5 times higher than this study (10.48 individ-
uals/km?). Similarly, the average population
density of PH in the entire Khao Yai National
Park during 2004-2008 was 21 individual/km?
(BirdLife International, 2023a). In addition, the
density of the Oriental Pied hornbill in the Pa-
kke Tiger Reserve in Arunachal Pradesh, India,
affected by human disturbance was 19 individ-
uals/km? (Dasgupta and Hilaluddin, 2012).

The previous studies at Khao Yai were conduct-
ed when Mo Singto covered a variety of for-
est types such as deciduous forest, secondary
forest, grassland, and open areas. Such het-
erogeneous landscapes are preferred by PH
(Hornbill Specialist Group, n.d.; BirdLife Inter-
national, 2023a). During the last two decades,
the open woodlands have been transformed
to mature evergreen forests and only a few
patches of secondary forest remain (Temchai
et al., 2014). Round et al.,(2005) combined line
transects and circular plots to survey the birds
only in morning, whereas visual detections in
the morning comprised 66% of the total detec-
tions in the present survey. In addition, mist-
nets and playback tapes were used to attract
birds to the net in the earlier study (Round
et al., 2005). Therefore, the lower PH density
noted during the present study may be due to
both habitat changes and differences in survey
times and methods.

The IUCN Red List classifies the GH as a Vul-
nerable species (VU) (BirdLife International,
2020b), while it is Near Threatened in Thailand
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(ONEP, 2017). GH density in the present study
(2.41 individuals/km?) was generally lower than
other areas in Thailand and in the region, ex-
cept lowland forests in Hala-Bala. The Round
et al. (2005) estimate for GH in Mo Singto
was 4 individuals/km? reflecting differences
in survey methods and survey time as men-
tioned above. The density of the GH at Huai
Kha Khaeng Wildlife Sanctuary was 5.28 indi-
viduals/km?, which was higher than in this and
the previous studies because Huai Kha Khaeng
witnesses seasonal movements of GH and WH
and has preferred feeding sites during the
non-breeding season (Johnburom et al., 2010).
Meanwhile, the density of GH in Namdapha
Tiger Reserve in Arunachal Pradesh, and in Pa-
kke Tiger Reserve in India was 3.9 individual/
km2 (Naniwadekar and Datta, 2013) and 3.8
individuals/km?, respectively (BirdLife Interna-
tional, 2023b). The differences may be due to
tourism activities in the Indian reserves being
limited compared to Khao Yai. In addition, the
GH prefers dense old growth unlogged forests.
Some transects of our study cover grassland
and forest edge, while the entire study in India
were in large stretches of rainforests. Gale and
Thongaree (2006) found 0.124 individuals/km?
in Hala-Bala Wildlife Sanctuary on the Thai-
Malaysia border where 9 out of Thailand’s 13
hornbill species occur. Range overlap and food
competition among these 9 species, especially
with Rhinoceros Hornbill, may cause the lower
density of GH in Hala Bala.

The WH is classified as a Vulnerable species
(VU) at the global level (BirdLife International,
2018b) and as Near Threatened in Thailand
(ONEP, 2017). Our study indicated the densi-
ty of the WH was 2.6 individuals/km?, which
was slightly greater than the previous study
of 2 individuals/km2 (Round et al., 2005), but
substantially greater than the Bala Forest (0.69
individuals/km?; Gale and Thongaree, 2006).
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This is possibly due to the Bala Forest being
degraded from logging during 1987 - 1992
and becoming less suitable for WH (Trisurat et
al., 2013). Moreover, a lower density may have
been recorded as the survey was conducted in
the breeding season (Naniwadekar and Datta,
2013; Poonswad and Tsuji, 1994).

In contrast, the density of the WH found in
Mount Ungaran, Central Java, Malaysia (Ra-
hayuningsih and Nugroho, 2013) and in Nam-
dapha Tiger Reserve, Arunachal Pradesh, India
were 14.60 individuals/km? (Rahayuningsih
and Nugroho, 2013), and 16.1 individuals/km?
(Naniwadekar and Datta, 2013), respectively.
Potential reasons for differences between this
and other areas include the composition of
habitat types and survey methods. WH inhab-
its closed forest, both evergreen and decidu-
ous, from the lowlands to the lower montane
forest. About 83% of the study area are dense
forests, while the reaming areas are degraded
forest and grassland, while the other areas are
almost entirely closed forests. This assumption
is relevant to the visual detections of this study.
More than 95% of total visual detections of WH
and GH were found in dense moist and dry ev-
ergreen forests, but the statistical influence of
these factors requires further investigation.

Evergreen forests are recognized as suitable
habitats for the four hornbill species, which
provide abundance of fruits and nutrient re-
sources. There are 139 ripe fruit species, from
76 genera and 36 plant families found in the
diet of hornbills (Poonswad, 2010). Additional-
ly, the PH was detected in closed forests near
road and stream because PH prefers forest
edges and open woodlands whereas GH and
WH were found in the core areas of primary
evergreen and deciduous forests. In addition,
we found that more than 90% of hornbill oc-
currences were at elevations above 700 m. This



is different from Namdapha Tiger Reserve, India,
where low densities of Great and the Austen’s
Brown hornbills are noted in higher elevations
(Naniwadekar and Datta, 2013). In Khao Yai, low-
er elevations (515 — 700 m) have been converted
for cultivation before the park establishment and
are now categorized as secondary growth and
grassland (Temchai et al., 2014).

Khao Yai National Park provides habitats for more
than 400 species of birds (UNESCO) and at least
159 bird species have been recorded in the Mo
Singto plot (Round et al., 2005) inside the study
area. In addition, birdwatching especially for horn-
bills is one of the main visitor activities in the park.
Visitors can participate and get involved in shar-
ing and contributing hornbill data through citizen
science. The data reported by visitors can sup-
plement long-term monitoring of hornbill pop-
ulations implemented by the Thailand Hornbill
Research Foundation (2022). Eventually, the com-
bined data will increase scientific knowledge to
evaluate the management effectiveness of Khao
Yai National Park as a portion of the Dong Pha-
yayen — Khao Yai Forest Complex Natural World
Heritage Site. In addition, density estimation in
the breeding season is highly recommended to
understand spatial-temporal variation in densities
and for providing crucial information for formulat-
ing effective conservation strategies.
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Abstract

Bibliographic databases and citation tools are integral
aids to research. The Asian Hornbill Bibliography pres-
ents a compendium of research on Asian hornbills by
combining an open access bibliographic database with
the free and open source reference manager, Zotero.
The bibliography, also hosted on and made accessible
from the IUCN Hornbill Specialist Group website, in-
cludes 725 publications, including books, book chap-
ters, journal articles, reports, conference proceedings,
general articles, and media reports. Here, we describe
the process of parsing an initial list of references stored
in @ Word document to an appropriate bibliographic
format and its subsequent import into a Zotero Group
Library created to be public and open. Hornbill re-
searchers can freely use the bibliography, join the
Zotero Group or copy the bibliography for their use.
Researchers can use Zotero plugins to insert citations
in manuscripts and generate reference lists formatted
in accordance with any of more than 10,000 citation
styles. A static, annually updated version of the Bibli-
ography is also available under a Creative Commons
license. The Asian Hornbill Bibliography will be dynam-
ically updated by continuously updating the database
of references in the Zotero Group Library using avail-
able easy-to-use citation import tools or manual entry,
if required. The Asian Hornbill Bibliography will be ex-
panded to be an authoritative and valuable research

aid for hornbill researchers worldwide.
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Introduction

Bibliographic research and referencing are
both time-consuming and integral to science.
Researchers need to find, collate, and read
relevant prior publications, cite them appro-
priately in scientific manuscripts, prepare prop-
erly-formatted and detailed reference lists,
and keep track of new research publications
that continuously appear (Coté et al., 2013,
Mann, 2005). When the same tasks have to
be repeated for different research studies or
outputs by the same or other researchers, the
cumulative effort involved can become repeti-
tive and burdensome. Key resources and soft-
ware tools that aid and simplify these tasks are
bibliographic databases (which contain lists of
relevant publications that can be explored or
queried) and reference management software
(which researchers can use to store, organise,
and cite references relevant to their research).
If resources or software tools are free to use
and open access, they support widespread

Vol. 5: 15-24,2024



adoption across the scientific community, even
among those who cannot afford expensive
commercial options.

When free and open access bibliographic da-
tabases are linked with reference management
software, they provide four significant benefits
for researchers.

1. Besides functioning as a freely accessi-
ble repository of past research and pub-
lications on a specific research area or
species of interest, existing tools and
features allow the database to be made
publicly available on the internet in a
form where other researchers can view,
access, and/or contribute to it, or down-
load copies for their own personal use.

soft-
(such as author

2. As
ware

the reference

reads metadata

management
names, year of publication, abstracts,
keywords, tags, and digital object iden-
tifiers or DOIs) into the database, users
can filter references by metadata vari-
ables, read the text of abstracts, or ac-
cess the full reference using direct links
to websites where they are available.

3. Reference manager software also have
installable plugins for commonly used
word processors (such as Word in Mic-
rosoft Office, Writer in LibreOffice, and
GoogleDocs), which
to directly insert stored references at rel-

allow researchers
evant places in their manuscripts and

generate reference lists automatical-

ly formatted in specific citation styles.

4. Web browser plugins and citation import-
ing tools allow users to easily and directly
update these databases by adding new ref-
erences on the fly, without needing to man-
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ually enter or copy the author name(s), title,
publication details, and other metadata.

Here, we describe the creation of a bib-
liographic database on Asian hornbills (Aves:
Bucerotidae) integrated with the Zotero refer-
ence management software (https://www.zotero.

org) as a free, open access resource available
for use by hornbill researchers worldwide. The
database is designed not as a static resource
but as a dynamic database periodically updat-
ed online. At present, the database contains a
compilation of scientific research publications
and other literature on all 32 species of Asian
hornbills till 2023. The bibliography is hosted
as a live version on the website of the IUCN
Hornbill Specialist Group (IUCN HSG, https://
iucnhornbills.org/bibliography) and a static ver-

sion (to be periodically updated) is also avail-
able for download (Datta et al., 2024). Here,
we describe how the bibliography was created
and imported into Zotero and how hornbill re-
searchers can make best use of this resource.

Origin of the Bibliography

The bibliography began as a compilation of ref-
erences in a Word document and associated
worksheet (Excel or Googlesheet) prepared by
Aparajita Datta (AD) and Maitreyi Hegde (MH).
The references were compiled from an existing
list of publications available with AD since 2014,
supplemented by extensive searches by MH on
Google Scholar, Web of Science, and Scopus
to manually add references (using keywords for
hornbills and for particular Asian species). A few
resources were collected directly from these au-
thors and a selection of popular articles mostly
shared by AD and Bee Choo Strange were in-
cluded. Together, AD and MH compiled litera-
ture related to Asian hornbills, which resulted in
670 references, excluding a few hornbill posters.


https://www.zotero.org
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Limitations of Word and Excel
compilations

Although a Word document listing referenc-
es is useful as a starting point, this bibliogra-
phy-as-text is a static document. Created manu-
ally and organised in alphabetical arrangement
by author, it offers a single view that cannot
be easily or automatically rearranged; for in-
stance, to be viewed chronologically or by oth-
er variables such as journal name or metadata
tags (e.g., species). It also has limited search
capability to locate references using the Find
(Ctrl-F) search box within the word processor.
Once a particular reference is located, it has
to be copied and pasted into manuscripts or
other working documents and manually refor-
matted to conform to other citation styles.

The Excel version of the Asian hornbill Bibliog-
raphy had the same details entered although
separated into different fields (columns). This
enabled basic filtering and sorting besides im-
port into similar tools such as AirTable for fil-
tered and sorted views. For researchers intend-
ing to insert these references in manuscripts,
the references are even more difficult to use
from the worksheet because the full citation is
distributed as separate elements in different
columns, which typically pastes into Word doc-
uments as tables. They need additional work
after copy-pasting into manuscripts to remove
tabular elements and conform to citation styles.
Although the references were carefully com-
piled, checked for errors, and corrected, some
errors remain in the Word and Excel documents
from the manual entry of each reference. These
documents typically contain minor formatting
or typographical errors that vary from refer-
ence to reference—such as related to author
initials or names, or inconsistent use of DOI
(https://doi.org/10.1111/example) or just as
the slug (10.1111/example), and so on.
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Many relevant metadata fields were missing
in some or all the references in the bibliogra-
phy-as-text Word documents and Excel work-
sheets, such as Abstracts and the DOl or URL
links to webpages carrying the source publi-
cation. Relevant fields (such as journal name,
volume and page numbers) were also not sep-
arated out as fields and would require manual
editing and formatting if they needed to be
used in other citation styles.

Parsing references for import into a
bibliographic database

For the Asian Hornbill Bibliography (Word doc-
ument) to become more useful, we needed to
parse and transform the references into stan-
dard bibliographic formats that would allow
their import into reference management soft-
ware. A good choice of standard reference for-
mat is BibTeX (https://www.bibtex.org), which is
a tool and a file format used to describe and

process lists of references. Although BibTeX
is often used with LaTeX documents, a refer-
ence downloaded in BibTeX format can also be
imported into virtually any reference manager
software and used for formatting lists of ref-
erences. The reference(s) in BibTeX format are
saved as a file with a ‘.bib’ extension, which is
a plain text document that can also be opened
and viewed with any text reader.

To parse the Asian Hornbill Bibliography (Word
document) into BibTeX format, we used the
free, online resource, AnyStyle (https:/anystyle.
io/; ver. 1.3.14). This allowed us to simply paste
the list of references in batches of 200 into the
text box area (one reference per line with a
line break at the end; blank lines are ignored).
The parser split each reference into constituent
fields (title, author, year, journal and so on). The
output was saved as a BibTeX file for importing


https://www.bibtex.org
https://anystyle.io/
https://anystyle.io/

the references into a reference manager. Al-
though AnyStyle has some on-screen error-cor-
rection or editing capability, we largely ignored
this and did the final corrections, if any, in the
chosen reference manager software.

The parsing was intended as a one-time effort
to extract references, after which the Word doc-
ument was retired. Subsequent edits, revision,
and updating of the bibliography was carried
out exclusively through the reference manager
software, Zotero (https://www.zotero.org).

Choice of Zotero as reference
manager

A large number of tools are available for man-
aging references, as documented in detail in
‘Comparison of reference management soft-
ware’ on Wikipedia (Wikipedia contributors,
2024). From these, we chose Zotero for a
number of reasons. Zotero is a free and open-
source tool developed as a project of the Cor-
poration for Digital Scholarship, a non-profit
organization dedicated to the development
of software and services for researchers and
cultural heritage institutions. All essential func-
tionality comes at no cost to researchers who
can create free accounts (with up to 300 MB
storage space; more storage can be purchased
if required at modest pricing). Zotero can be
used on the web (by logging in on https:/www.
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The Zotero code and Wiki content are open
source materials available under free licenses
such as Gnu GPL and Creative Commons.

Zotero offers plugins that allow inserting cita-
tions and generating reference lists within com-
monly used Word processors (Microsoft Word,
LibreOffice Writer, GoogleDocs) and statistical
software (RStudio comes with native Zotero
integration). There is support for over 10,000
citation styles, including most commonly used
journal styles. Zotero has browser plugins (for
Firefox, Chrome, Edge, and Safari; https://www.

zotero.org/download/connectors) that allow one to

save viewed references from various websites
to their Zotero libraries directly from your web
browser. This automatic capture of references
reduces the tedium of manually copying out
references and relevant details from webpages
or PDF files and also by-and-large reduces er-
rors. It also automatically saves relevant meta-
data in corresponding fields (year, journal or
publication name, DO, abstract, and so on). It
comes with a PDF reader, note editor, and abil-
ity to import publication data from PDF files.

Finally, Zotero allows the creation of ‘Groups’
through which multiple researchers can col-
laborate on creating, using, and sharing ref-
erence libraries (https://www.zotero.org/groups).

The Asian Hornbill Bibliography was created
as a Zotero group in April 2023 at https:/www.
zotero.org/groups/4777134/asian_hornbill bibli-

zotero.org/ on a browser) or using a Desktop cli-
ent installed on the user's computer or laptop
The Zotero
reference library on the user’s computer syncs

(https://www.zotero.org/download).

seamlessly with their online library. Folders can
be created to organise the references. Zotero
has an active developer community, well-doc-
umented support and knowledge base (https:/
www.zotero.org/support/), and a helpful commu-

nity forum (https:/forums.zotero.org/discussions).
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ography, with the group library at: https:/www.
zotero.org/groups/4777134/asian_hornbill bibliog-

raphy/library.

The settings are presently configured for the
library to be open to the public. Anybody can
search the ‘Asian Hornbill Bibliography,” view
and download references, or join the group.
The group owner (IUCN HSG) and group ad-
mins (presently Pooja Y. Pawar and T. R. Shan-
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kar Raman) can edit group settings, and the
ability to add, edit, or delete references in the
library is restricted to the admins. The steps
involved in the creation of the Asian Hornbill
Bibliography from the original Word document
into a Zotero Group Library are illustrated in
Fig. 1.

Asian Hornbill Bibliography - Zotero
Group library

After editing, correcting, and removing dupli-
cates from the original 670 references, a num-
ber of recent references were imported and
added to the database, including all papers on

Fig. 1. Steps involved in creation of Asian Hornbill Bibliography from a listing of references in a Word

document.
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Asian hornbills published in the first four vol-
umes of the IUCN HSG journal Hornbill Natural
History and Conservation. As a result, the Zo-
tero group library holds at present (13 March
2024) a total of 725 references. These 725 ref-
erences include 496 peer-reviewed journal arti-
cles, 24 reports, 19 theses, 24 books, 24 book
chapters, 47 newspaper and magazine articles,
83 conference proceedings, and 5 general
documents, a film (video), the Bibliography of
South Asian Ornithology (Pittie, 2023) and the
static Version 1.0 of the present bibliography
(Datta et al.,, 2024). Excluding the static ver-
sion, the references date back to a single paper
in 1902 and then from the 1950s up to 2023.
The highest number of publications on horn-
bills were published in the decade 2011 — 2020
(321 references including 220 journal articles).
The bibliography includes a majority of papers
on abundance and distribution, besides publi-
cations on behaviour, habitat ecology, feeding
ecology, breeding and nesting ecology, con-
servation and management, threats, captive
breeding, and systematics and evolution.

Live IUCN HSG webpage for the
Asian Hornbill Bibliography

To create a live, online view of the Bibliography
including the latest updates (if any), we inte-
grated the bibliographic database in the Zote-
ro group library into the website of the IUCN
SSC Hornbill Specialist Group (IUCN HSG). To
do so, we first linked the Zotero group library
with BibBase (https://bibbase.org/start) and then
embedded the following script into the IUCN
HSG website page:

<script
src="https://bibbase.org/show?bib=https://
bibbase.org/zotero-group/iucnhs-
g/4777134&msg=embed#"></script>

As a result, the Asian hornbill bibliography
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maintained in Zotero can now be dynamically
viewed online on the IUCN HSG website under
the ‘Resources’ tab at this URL: https://iucnhorn-
bills.org/bibliography/

The database may take a few seconds to load
as it has over 720 references. The references
can be viewed by Author (the default), Year,
Type (journal article, book, etc.), or keywords
(here, the scientific name of Asian hornbill
species, or "General” for other general refer-
ences). The scientific name was used as Key-
word so that people can easily view references
aggregated by species. The Keywords on the
IUCN HSG webpage view correspond to ‘Tags’
in Zotero. For publications dealing with more
than one species, each scientific name was en-
tered as a separate Tag for that reference. Such
references appear multiple times in the IUCN
HSG bibliography webpage, once under each
of the corresponding species (‘Keyword’).

Publishing the static current version

The current version of the database was pub-
lished on the open science repository, Zenodo
(Datta et al., 2024). This repository, intended to
be annually updated to the latest version of the
database, contains the original Word and Ex-
cel files, the bibliography as saved on Zenodo,
and a new Word document version generated
in a standard citation format from the Zenodo
library reflecting corrections to references, if
any. The following files are available in Datta
et al., (2024):

1. A README.txt file containing general in-
formation and instructions: text file

2. Original word processor document of the
Asian Hornbill Bibliography: a Microsoft
Word/LibreOffice Writer file with ‘.docx’
extension


https://bibbase.org/start
https://iucnhornbills.org/bibliography/ 
https://iucnhornbills.org/bibliography/ 
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3. Original worksheet file of the Asian Hornbill
Bibliography: a Microsoft Excel/libreOffice
Calc file with “.xIsx" extension

4. BibTeX file of the database downloaded from
the Zenodo library: readable also as a text file
with “.bib’ extension

5. A new document in RTF or rich-text format
(".rtf" extension) generated from the Zenodo
group library, readable in most word proces-
sors

6. An HTML version of the bibliography in al-
phabetical order of title—a browser viewable
HTML version with “.html" extension

The bibliography file was generated by using the
‘Export Library’ option in Zotero and saved as a
BibTeX file (.bib). The new word processor RTF
version was generated using the ‘Create Bibliogra-
phy’ option with all 725 items selected. The HTML
version was created using the ‘Generate Report’
option with all items in the library selected.

Updating the Asian Hornbill
Bibliography

The bibliography needs to be updated with both
overlooked older references and newer publica-
tions. Where the source publication is on a web-
site that allows export/saving of the reference as
a BibTeX file, Zotero can import references from
the saved .bib file. The Zotero browser connec-
tor plugin can also be used as on many websites,
including journal websites, to directly import the
reference with a few clicks. For publications that
are not available on the web or in any database
or BibTex format, there are two options to update
the database: direct manual entry in Zotero (Add
[tem) or using AnyStyle (https:/anystyle.io) to parse

a plain text reference into a BibTeX file for import
into Zotero. Once imported, appropriate tags

such as scientific name of hornbill species need to
be added.
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At present such edits and updating can only be
carried out by the Zotero group admins. We in-
tend to open it to all Zotero Group members
eventually. If made fully open at present, refer-
ences may get inadvertently deleted and there-
by lost from the database, since it is not possible
to restrict deletion rights. Until such a Zotero
feature is available or automatic backup or ver-
sioning are possible, the library editing rights will
remain restricted to admins. Hornbill researchers
interested in joining as admins to contribute to
maintaining and updating the database can get
in touch with the [IUCN Hornbill Specialist Group
(Contact: IUCN HSG Programme Officer, E-mail:
programme.officer.hsg@gmail.com) with an ex-
pression of interest.

Once a year, a static version of the entire Bibli-
ography will be published to Zenodo to update
Datta et al., (2024) as a new version.

Using the Asian Hornbill Bibliography

Hornbill researchers and others can use the
Asian Hornbill Bibliography in the following
ways (Fig. 2). For maximum ease of use, we
suggest that users also have Zotero accounts,
install the Zotero desktop version on their
computers, and install two key plugins (Zotero
connector plugin for their browser and Zotero
plugin for their word processor).

1. Searching for hornbill literature: Users
can search the bibliography for relevant lit-
erature by visiting the main Zotero group
landing page and navigating to the Zotero
group library here: (https://www.zotero.org/
groups/4777134/asian_hornbill bibliography/
library). On the library page, they can enter

into the Search box particular search terms
or keywords to find related publications.


https://anystyle.io
https://www.zotero.org/groups/4777134/asian_hornbill_bibliography/library
https://www.zotero.org/groups/4777134/asian_hornbill_bibliography/library
https://www.zotero.org/groups/4777134/asian_hornbill_bibliography/library
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Fig. 2. Multiple ways to access the Asian Hornbill Bibliography including: (a) viewing the Zotero Group main
landing page where users can join as members, (b) exploring the Zotero Group Library page that allows users

to search and export references, and (c) exploring filtered views on the [IUCN HSG website.

2. Exploring the IUCN HSG Asian Hornbill below the reference. Clicking on the DOI

Bibliography page: on the IUCN HSG
Resources page where the Asian Hornbill
Bibliography can be viewed: https:/iucn-

hornbills.org/bibliography/, users can sort

listings and access links to the references.
Using the dropdown filter, the references
can be viewed by Author (default), Year,
Type (journal article, book etc.), or by horn-
bill species (keywords, arranged by scientif-
ic name). Where Abstracts are available in
the database, they can be viewed directly
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or URL link icons below the reference will
open the corresponding website page con-
taining the referenced publication.

. Saving the database for personal or of-

fline use: Users can join the Zotero group li-
brary (https:/www.zotero.org/groups/4777134/

asian_hornbill bibliography/) as members by

clicking the "Join’ button. Once synced, this
will create a copy of Asian Hornbill Bibliog-
raphy as a folder under ‘Group Libraries’ in


https://iucnhornbills.org/bibliography/
https://iucnhornbills.org/bibliography/
https://www.zotero.org/groups/4777134/asian_hornbill_bibliography/
https://www.zotero.org/groups/4777134/asian_hornbill_bibliography/
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the Zotero application on the user’s comput-
er. If you wish to make a copy for personal
use without joining the Zotero group, the en-
tire bibliography can be exported from the
group library page and saved as a BibTeX file
(or other formats), which the user can sub-
sequently import into their personal library
(‘My Library’) in the Zotero application or in
most other reference manager software.

4. Using citations in manuscripts: Once us-
ers have joined the Zotero group as mem-
bers and have the bibliography synced in
their Group Library (or downloaded a copy
into My Library without joining the group),
they can use the references directly in man-
uscripts. The word processor plugins allow
the user to insert, edit, rearrange or delete
a reference or sets of references in the main
text. The user can also generate a full bib-
liography automatically formatted to match
any chosen journal or publication citation
style at the appropriate place in the manu-
script.

5. Contributing to updating the database:
The users can also contribute to updating
the database by suggesting changes or cor-
rections to existing references or addition
of newer publications using the online form
(https://forms.gle/5VFj9bbPZA 1vXaHt5) avail-
able on the [IUCN Asian Hornbill Bibliography
page
We aim to update this dataset regularly.

(https://iucnhornbills.org/bibliography/).

6. Creating derived resources: The Asian
Hornbill Bibliography, both the static version
(Datta et al., 2024) and the dynamic online
version (Zotero Group Library) are provided
under open access licenses (Creative Com-
mons with Attribution 4.0 or CC-BY 4.0).
Users can thus download the bibliographic
database and create derivative resources
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(such as hornbill bibliographies on particular
species, study areas, or themes) under the
terms of the CC-BY 4.0 license.

Conclusion and future work

The Asian Hornbill Bibliography serves as a
valuable resource for hornbill researchers and
other tropical biologists worldwide. This bibli-
ography will also be useful for non-scientists,
science communicators, journalists, and the
general public interested in hornbills and topics
related to tropical forests. Leveraging the pow-
er of free and open source tools and resources,
the bibliography provides an accessible entry
point to the body of literature on Asian horn-
bills. It provides a standard, relatively error-free,
and convenient way to reference hornbill liter-
ature in scientific publications and manuscripts,
thereby saving researchers from repetitive tasks
and time-consuming manual citation practices.
We aim to expand and enhance the database
in future to serve as an authoritative and regu-
larly updated compendium of hornbill research,
besides including other relevant items such as
general articles, webpages, posters, education-
al resources, and audio-visual material on Asian
hornbills. The bibliography can also be com-
bined with similar compilations of literature on
African hornbills to create an authoritative bib-
liography on hornbills of the world.
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Abstract

Communal roosting is an interesting behaviour
observed in many hornbills. We located seven
roost sites of Great Hornbill (Buceros bicornis) and
Wreathed Hornbill (Rhyticeros undulatus) at Buxa
Tiger Reserve, India. We monitored these sites
from 2018 to 2023 to determine roosting patterns
and yearly trends in numbers. Two roost sites were
regularly monitored in the non-breeding season.

In 2022 and 2023, we also carried out monitoring
during the breeding season. The hornbill numbers,
the sex/age of birds, and the first and last arrival
times were recorded. During the non-breeding sea-
son, the mean number of Great Hornbills roosting
in hill forests was 6 + 0.78 (range:1-20), while the
mean number of Wreathed Hornbills roosting along
a riverbank was 42 + 7.26 (range:1-224). The range
in breeding season numbers for Great Hornbills was
1-7 birds, while for Wreathed Hornbill, it was only
one bird. Hornbills arrived an hour earlier in win-
ter than in summer. Great Hornbills usually arrived
together, close to or after sunset, while Wreathed
Hornbill flocks arrived over an extended period,
with most arriving 10-40 minutes before sunset.

This study highlights the differences between
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hornbill species in roosting behaviour and habitats
used for roosting. Long-term monitoring helps to
understand the trends in numbers of hornbills using
the roost sites, observe patterns in behaviour over
time and potential threats to these critical habitats
enabling conservation actions. Monitoring these
sites can provide insights into the habitat quality,
including any natural or anthropogenic changes in

vegetation, such as loss of roost trees.

Keywords: Buceros bicornis, Great Hornbill, Rhyt-
iceros undulatus, roosting behaviour, roost site,
Wreathed Hornbill

Introduction

Roosting is a natural behaviour of animals
resting/sleeping for the night. A roost can be
defined as a place where animals select a suit-
able place and rest for the night or during their
non-active period (e.g., nocturnal species roost
during the day). Many animals spend a signifi-
cant part of their life at roosts.

Vol. 5: 25-40, 2024



Wreathed Hornbills flying to roost site at the Bala
river bank in the Buxa Tiger Reserve, West Bengal,

India. Photo: Sitaram Mahato

Communal roosting is a phenomenon where
numerous individuals of the same or differ-
ent species congregate in a designated lo-
cation every night to rest. Among birds, this
behaviour is predominantly displayed by social
or gregarious bird species like crows, cormo-
rants, harriers and starlings. It is hypothesised
that roosting serves multifaceted purposes—1)
information centres to determine location of
food sources (Ward and Zahavi, 1973; John-
ston-Gonzélez and Abril, 2019); 2) an anti-pred-
atory strategy where there is a safety in num-
bers (Weatherhead 1983; Bock et al., 2013);
3) habitat preference based on breeding and

Wreathed Hornbill pair perching on a roost tree
branch in the Buxa Tiger Reserve, West Bengal,
India. Photo: Sitaram Mahato
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Wreathed Hornbills roosting on a Bombax ceiba tree
in the Buxa Tiger Reserve, West Bengal, India. Photo:

Sitaram Mahato

non-breeding season (Zoghby et al., 2016); 4) a
thermoregulatory mechanism to conserve heat
(Canals et al., 1989, 1998; Gilbert et al., 2010);
5) kin selection benefits (Rabenold, 1986; Park-
er et al., 1995); 6) mate choice and anthropo-
genic disturbances (Peter and Otis, 2007); 7)
anti-parasitic response (Rohner et al., 2000).

Hornbills roost singly, in pairs, small flocks or
large flocks (>5 to more than 2000) (Poonswad
et al., 2013). Of 62 extant hornbill species, 26
are known to roost in small flocks or large com-
munal roosts (Kemp, 1995; Datta, 2001). Some
hornbill species exhibit communal roosting
with the same sites used over many years, with

Great Hornbill roosting on a Bombax ceiba tree in
the Buxa Tiger Reserve, West Bengal, India. Photo:

Sitaram Mahato



IUCN HSG

visits occurring consistently or intermittently
across months in a given year. Telemetry stud-
ies have shown that several hornbill species
prefer riverine habitat for roosting and show
site fidelity (Zoghby et al., 2016; Naniwadekar
et al., 2021). The most remarkable instances of
communal roosting can be observed among
Plain-pouched Hornbills (Rhyticeros subrufi-
collis), where reports indicate congregations
of 2000-3000 individuals in Malaysia (Ho and
Supari 2000; Kaur et al., 2011).

Communal roosting has been reported in
Great, Oriental Pied and Wreathed Hornbills
from western Arunachal Pradesh (Datta, 2001;
Naniwadekar et al., 2021). They were seen to
roost in open grasslands along riverbanks or
on cliffs with fewer trees near rivers and pe-
rennial streams. The counts of birds in these
roosts along the riverside exhibited seasonal
variations, with fewer birds observed during
the breeding season than in the non-breeding
season (Datta, 2001). Mixed-species communal
roosting was seen with Great and Wreathed
Hornbills using the roost together in the Pakke
Tiger Reserve (Datta and Rane, 2011).

There was no prior information on the roost
sites used by hornbills and their roosting pat-
terns in northern West Bengal in the Eastern
Himalayan region. This paper presents informa-
tion on the roost sites of hornbills in the Buxa
Tiger Reserve and focuses on describing and
understanding the seasonal and annual trends
in numbers and roosting patterns of the Great
Hornbill and Wreathed Hornbill, determining
the age and sex composition of roosting flocks,
describing the patterns in roost arrival times of
hornbills and assessing if the roost sites are con-
tinually used through long-term monitoring. The
long-term roost monitoring helps to understand
the seasonal and annual trends in the numbers
of hornbills using the roost sites and observe
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patterns in behaviour over time, contributing to
our understanding of hornbill biology.

Methods

We conducted our study in Buxa Tiger Reserve
(BTR; 89°23'-89°53" E and 26°34'-26°46' N) in
the foothills of the Eastern Himalaya of West
Bengal, India. The Tiger Reserve/National Park
encompasses an area of 760.87 km?, of which
390.58 km? has been constituted as Wildlife
Sanctuary and National Park and the remaining
370.29 km? as Reserved Forests and other Pro-
tected forests. The core area of BTR is 417.55
km? and the buffer zone is 343.32 km? (Bhas-
kar and Rai, 2016) The entire BTR falls within
the Eastern Himalaya Biodiversity Hotspot. Its
northern boundary runs along the international
border with Bhutan and the eastern boundary
of the reserve is shared with the state of As-
sam. The reserve is situated at the confluence
of three major biogeographical regions, as
identified by Rodgers and Panwar (1988): the
Lower Gangetic Plains, the Central Himalaya,
and the Brahmaputra Valley. The main forest
types in Buxa TR are Sub Himalayan Wet Mixed
Forest, East Himalayan Upper Bhabar Sal, East
Himalayan Moist Mixed Deciduous Forest and
Plantations (Champion and Seth, 1968). Most
of the reserve area lies in the plains, but the
northern parts are hilly. The altitude ranges
from 65 to 1750 meters above sea level. Many
perennial rivers and streams, like the Sankosh,
Raidak, Jayanti, and Dima rivers, flow through
the reserve. The reserve has immense ecologi-
cal and geomorphological significance and rich
floral and faunal diversity. Over 359 bird species
have been documented in the BTR and it is a
designated Important Bird Area in West Bengal
(Birdlife International, 2023). BTR is known for
its five resident hornbill species: Great Hornbill
(Buceros bicornis), Oriental Pied Hornbill (An-
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Fig. 1. Great Hornbill (red circles) and Wreathed Hornbill (violet circles) roost sites identified in Buxa Tiger

Reserve, West Bengal, India. The boxed circles are the roost sites that have been monitored regularly in this

study (yellow line indicates the BTR boundary).

thracoceros albirostris), Indian Grey Hornbill
(Ocyceros birostris), Wreathed Hornbill (Rhyt-
iceros undulatus) and Rufous-necked Hornbill
(Aceros nipalensis). The Indian Grey Hornbill is
occasionally reported from near human habita-
tion/agricultural areas and forest edges (eBird).
Habitat loss and degradation, fragmentation
and poaching of chicks are key threats to horn-
bill populations in the region. BTR has 37 forest
villages and is surrounded by 42 revenue villag-
es and 34 tea gardens (Bhaskar and Rai, 2016).
The various ethnic groups that reside here are
Nepali, Rabha, Oraon, Santhal, Mech, Garo,
Dukpa, and other mixed communities are also
present (Das, 2005). Sal (Shorea robusta), teak
(Tectona grandis), jarul (Lagerstroemia spe-
ciosa) were commonly grown as monoculture
plantations in the past.

We identified seven roost sites (Fig. 1) where
hornbills were seen to congregate during eve-
nings. We located the roost sites by following
flocks of hornbills or by locating piles of regur-
gitated seeds dropped by hornbills when they
perch for the night under several trees. Four of
the seven roost sites are of Great Hornbill (Fig.
1), and three are of Wreathed Hornbill (Fig. 1).
All four Great Hornbill roost sites are in moist
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mixed deciduous hill forests close to small wa-
ter bodies like ponds or waterholes. The three
Wreathed Hornbill roost sites are located along
river banks. After locating a roost site, we re-
cord characteristics such as roost tree species,
number of trees used as roosts, GPS (Global
Positioning System) coordinates of the roost
trees, GBH (Girth at Breast Height), height of
the roost trees, altitude and habitat type of the
site.

We monitored one Great Hornbill roost site
and one Wreathed Hornbill roost site at least
once a fortnight in the first two years, followed
by weekly monitoring in subsequent years. The
remaining five roost sites were opportunisti-
cally monitored as they were located far away.
We have been monitoring one Great Hornbill
roost site and one Wreathed Hornbill roost
since 2018 and 2019, respectively. The Great
Hornbill roost site was monitored during the
non-breeding months in 2018, 2019, 2020,
2021, and throughout the year in 2022 and
2023. The nest entry dates of Great Hornbills
in Buxa TR, based on six years of nest moni-
toring, indicated that the Great Hornbill breed-
ing season started from the end of February/
March. Based on chick exit dates, the breeding
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season continued till June/early July (Ganguly
et al., 2022; Pradhan et al., 2023). Therefore,
February—March was considered the transition
period from non-breeding to breeding season
and July as the transition between breeding
and non-breeding season for Great Hornbills.

The Wreathed Hornbill roost site was mon-
itored during the non-breeding months in
2019, 2020, 2021, and throughout the year in
2022 and 2023. For the Wreathed Hornbill, the
breeding season commenced in March or April
and extended until the end of July or August
(Ganguly et al., 2022; Pradhan et al., 2023).
Therefore, March-April were considered as the
transition months from non-breeding to breed-
ing and August as the transition month be-
tween breeding to non-breeding season. The
transition period data was also crucial in our
study to show that hornbills did not abruptly
stop coming to these roost sites with changes
in their reproductive/nesting status. We moni-
tored the roost sites only in the non-breeding
season (September to January) from 2018 to
2021. We started year-round monitoring from
2022 onwards.

We visited the roost sites from 15:00-16:00 till
17:00-18:00, depending on the season and
day length. We observed and counted horn-
bills arriving at the roost sites. We noted the
sex/age (adult/juvenile) when possible. We
also noted the first arrival times and the last
arrival times to the roost sites. We also record-
ed the activity of other hornbill species—the
Oriental Pied-Hornbill
Hornbill near these roost sites to determine if

and Rufous-necked

they could be potential roost sites for them as
well. All the counts were taken from a slightly
hidden place with binoculars (10x40) to ensure
that no hornbills were aware of or disturbed by
our presence. We took pictures and videos to
document the hornbills at these roost sites.

29

This paper presents the data on roost counts
from 2018 to 2023. We calculated mean roost-
ing numbers for each species in the non-breed-
ing and breeding seasons, examined the com-
position of roosting flocks and the differences
shown by the two species in their arrival times
to the roost site in relation to the daily sunset
times for this period that is available for Alipur-
duar district.

Results

We have 213 days of observations across sev-
en identified roost sites of Great and Wreathed
Hornbills between 2018 and 2023 (up to Au-
gust). Our present study focuses on one Great
Hornbill roost site monitored for 94 days, and
another Wreathed Hornbill roost site moni-
tored for 95 days. The remaining five roost
sites have been sporadically monitored for
24 days, recording both Great and Wreathed
Hornbills. In BTR, we have not found any Ori-
ental Pied-Hornbill and Rufous-necked Horn-
bill roost sites.

Roost site characteristics

The GreatHornbill roost site (called Pukhri-Tashi-
gaon) has two locations (Fig. 1) within 700 me-
ters, which we have considered as one roost-
ing site. The hornbills move between these
two locations for roosting over the year. The
location is in mixed deciduous forest, and the
Great Hornbill’s roost is on two Shorea robusta
trees and one Albizia lebbeck tree. The roost
trees are close to a pond considered sacred
and visited by tourists. At the other location,
Great Hornbills roost on five trees. The roost
trees are alongside a watch tower (also visit-
ed by tourists). The roost trees used here are
two Terminalia tomentosa trees, one Terminalia
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Fig. 2. Mean (+ SE) numbers of hornbills in the roost sites during non-breeding season in the Buxa Tiger

Reserve, West Bengal, India, from 2018 to 2023. a. Mean (+SE) Great Hornbill numbers in Pukhri-Tashigaon roost

site during non-breeding season (August to January). n = 45 total observation days. b. Mean (+SE) Wreathed

Hornbill numbers in 20-22 mile Bala river roost site during the non-breeding season (September — February).

n = 60 total observation days.

bellirica and one Albizia procera tree. This hab-
itat is moist mixed deciduous forest with a few
Shorea robusta, Tectona grandis and Termi-
nalia tomentosa plantations and this location
overlooks a waterhole. Both the sites are 300
m from the nearest perennial stream and are
within 4 km from the nearest human habitation.

The Wreathed Hornbill roost site is a stretch
of 2.5 km on the bank of the Bala River (Fig.
1), where hornbills are seen to roost in multiple
locations along this river bank. The main roost
trees are two Tetrameles nudiflora, two Termi-
nalia tomentosa and one Bombax ceiba tree.
The habitat can be characterised as a riverine
habitat that transitions from secondary forest
near the riverbank to primary forest further
inside. The details of the roost site character-
istics of the two main roost sites are given in
Table S1. No tourists are allowed in this part
of the forest, but local people often frequent
the area, while Forest Department patrolling
staff reside in the watchtower at 22 mile. The
length of this stretch is 2.5 km along the Bala
riverbank. Wreathed Hornbills roost along this
stretch in different months of the year.
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Hornbill counts at roost sites

Our study showed that Wreathed Hornbills
congregate in large numbers in the non-breed-
ing season, while Great Hornbills roost in small-
er groups. The overall mean (+SE) Great Horn-
bill numbers arriving at the Pukhri-Tashigaon
roost site over all the years is 6 + 0.8 birds (Fig.
2a). The overall mean (xSE) Wreathed Hornbill
numbers in the non-breeding season at the
Bala river roost site over all the years is 42 + 7.3
birds (Fig. 2b). In the breeding season, for the
Great hornbill, the overall mean (£SE) is 2 = 1
birds while for the Wreathed hornbill, the mean
is zero birds. Based on year-round monitoring
in 2022 and 2023, the mean Wreathed hornbill
numbers using the roost site in the non-breed-
ing season are much higher than the numbers
seen in the breeding season (Fig. 3a and 3b).

The highest number of Great Hornbills (20 birds)
was seen in August 2023 (Table 1). Wreathed
hornbill numbers show a drastic decline in the
breeding season and the transition period,
while numbers are higher in the non-breeding
season, with the maximum number seen on a
single day being 224 in the 2020 non-breeding
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Fig. 3. Mean (+ SE) hornbill numbers at roost sites in the breeding (Br, grey bars) and non-breeding (Nbr, black

bars) season in the Buxa Tiger Reserve, West Bengal, India, 2021 to 2023. a. Mean (+ SE) Great Hornbill numbers

at roost sites in the breeding and non-breeding season. n = 17 total observation days. b. Mean (+SE)

Wreathed Hornbill numbers at roost sites in the breeding (Br) and non-breeding (Nbr) season. n = 17 total

observation days.

Table 1. Great Hornbill numbers seen in Pukhri-Tashigaon roost site during the non-breeding, breeding season

and in transitions between them in Buxa Tiger Reserve, West Bengal, India from 2018 to 2023. (Transition 1:

non-breeding to breeding season shift, Transition 2: breeding to non-breeding season shift).

Mean number

Year Season/Months ':Inoo.noi:oc:‘z)és SJ?:;;C:;?Z”GI of Gre.at
Hornbills
2018-2019  Non-breeding (Nov-Jan) 15 5-17 11
2019-2020  Non-breeding (Nov-Jan) 5 2-14 5
2020-2021 Non-breeding (Nov-Jan) 5 2-5 2
2021-2022  Non-breeding (Sept- Jan) 11 1-11 3
2022 Transition 1 (Feb-Mar) 4 2-5 2
2022 Breeding (Apr-Jun) 6 1-2 1
2022 Transition 2 (Jul) 2 0 0
2022-2023  Non-breeding (Aug- Jan) 9 1-15 3
2023 Transition 1 (Feb-Mar) 7 2-19 7
2023 Breeding (Apr-Jun) 11 1-7 2
2023 Transition 2 (Jul) 4 5-10 4
2023 Non-breeding (Aug*) 6 1-20 9
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Table 2. Wreathed Hornbill numbers seen in 20-22 mile Bala river roost site during non-breeding and breeding

season and in the transition between them in Buxa Tiger Reserve, West Bengal, India from 2019 to 2023.

(Transition 1: non-breeding to breeding season shift, Transition 2: breeding to non-breeding season shift).

No. of davs Wreathed Mean number
Year Season/Months C. y Hornbill of Wreathed

monitored .

number range Hornbills
2019 Non-breeding (Jan-Feb) 7 47-94 74
2019-2020 Non-breeding (Nov-Feb) 9 8-224 89
2020-2021 Non-breeding (Nov-Feb) 12 1-17 3
2021-2022  Non-breeding (Sept- 16 8-144 59
Feb)

2022 Transition 1 (Mar-Apr) 4 1-44 14.5
2022 Breeding (May-July) 5 0-1 0.4
2022 Transition 2 (Aug) 1 0 0
2022-2023 Non-breeding (Sept-Feb) 16 2-80 14
2023 Transition 1 (Mar-Apr) 4 3-5 3
2023 Breeding (May- July) 12 0 0
2023 Transition 2 (Aug?*) 5 0 0

season (Table 2). The hornbill counts recorded in
the other five roost sites, which were opportu-
nistically monitored, are summarised in Table 3.

Roosting flock composition

Our study showed almost an even adult sex ra-
tio in most years for both Great and Wreathed
Hornbills (Fig. 4a and 4b). For Great Hornbills in
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the non-breeding season, the overall percent-
age of males was 44%, and that of females was
35%. Similarly, for Wreathed Hornbills in the
non-breeding season, the overall percentage
of males was 52%, and that of females was 44%.
The hornbills mostly arrive in pairs and groom
each other while perching at roosts. Some ar-
rive solitarily and some in bigger flocks as well.
The percentage of juveniles ranged from 21-
29% in Great Hornbills and 4-6% in Wreathed
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Table 3. Hornbill numbers recorded at five roost sites that were monitored sporadically from 2019 to

2023 in the Buxa Tiger Reserve, West Bengal, India.

Species Roost Site location No. 9f SR FEELe @if el
monitored numbers seen
Great Hornbill Jorpukhri, Bhutanghat 8 2-7
Great Hornbill Adma Bl lener, 1 16
Raimatang

Great Hornbill Toribari Pukhri 1 4
Wreathed Hornbill Bounibasti, 21 Mile 10 2-8
Wreathed Hornbill Sankosh riverbed, 4 61

Kumargram

Hornbills. There appears to be a higher pro-
portion of juvenile Great hornbills seen than
juvenile Wreathed hornbills, and this could be
indicative of limited nesting of Wreathed horn-
bills in the study site (unpubl. data). However
it is unclear whether this reflects a real differ-
ence in juveniles recruiting into the population
because in some of the initial years, juveniles

were not identified with surety, especially in
the case of Wreathed Hornbills. Our present
observations do not provide an accurate un-
derstanding of the proportion of juveniles in
the roosting flocks as the age/sex of many re-
main unclassified; however, it would be greater
than the reported percentages.

Fig. 4. Roosting flock composition of hornbills in the non-breeding season in the Buxa Tiger Reserve, West

Bengal, India. a. Percentage of Great Hornbill males, females, juveniles in roosting flocks in the non-breeding

season. n = 147 individuals classified. b. Percentage of Wreathed Hornbill males, females, juveniles in roosting

flocks in the non-breeding season. n = 1394 individuals classified.
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Fig. 5. Hornbill roost arrival times in relation to the sunset timings in the Buxa Tiger Reserve, West Bengal, India

a. Great Hornbill roost arrival times in relation to the sunset timings. n = 63 observation days in the non-

breeding season. b. Wreathed Hornbill roost arrival times in relation to the sunset timings. n = 58 observation

days in the non-breeding season.

Roost arrival times

In the winter months (November to February), the
sunset time ranged from as early as 16:39 hours in
December to 17:29 hours in February. In the sum-
mer months (March to May), sunset time ranged
from 17:34 to 18:17 hours and in monsoon months
(June-July), sunset time ranged from 18:21 to
18:28 hours. There is almost a two-hour difference
in sunset times between different seasons.

Seasonal variation in the mean first and last arriv-
al time was observed in both species. In 66% of
sightings, Great Hornbills started arriving at the
roost site about 15 minutes (SE + 3) before sunset,
and in 27% of sightings, Great Hornbills arrived
at about 14 minutes (SE % 4 after sunset in the
non-breeding season (August-January). In seven
percent of sightings, they were observed to arrive
exactly at sunset. Therefore, our observations of
non-breeding season show that Great Hornbills
tend to arrive briefly around sunset or shortly after
sunset (Fig. 5a).

In 94% of sightings, Wreathed hornbills started ar-
riving about 38 minutes (SE + 4) before sunset, and
only in 4% of sightings they arrived after sunset in
the non-breeding season (September-February).
There was only one instance when two hornbills ar-
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rived at sunset. Thus, in contrast to Great Hornbills,
who arrive close to sunset, we observed Wreathed
Hornbill flocks displaying a rather extended arrival
time of about 38 minutes before sunset (Fig. 5b).
These observations show a noteworthy difference
in the arrival behaviour of these two hornbill spe-
cies during the non-breeding season.

Detection of other hornbill species in
the identified species-specific roost lo-
cations

In the Pukhri-Tashigaon Great Hornbill roost site, we
recorded 12 instances where Oriental Pied-Horn-
bills and Wreathed Hornbills flew near the exact
roost site. On one occasion, a juvenile Wreathed
Hornbill roosted at this site when Great Hornbills
did not use the site for roosting. Additionally, we
observed Rufous-necked Hornbills (flock size = 4)
perched on these roosting trees on two separate
occasions before eventually flying off to their likely
final roosting sites. In the vicinity of the 20-22-mile
Bala river bank, where Wreathed Hornbills typically
roost, we recorded 28 instances when we encoun-
tered Oriental Pied-Hornbills (ranging from 17 to
30 individuals) taking flight together from some
trees. Some Oriental Pied-Hornbills were often
seen perched on a few trees, sometimes on the
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opposite bank of the Bala River, foraging during
the pre-roosting hours and then flying away to an-
other location. This can indicate that the Oriental
Pied-Hornbill roost site might be nearby. We ob-
served a single instance of a Great Hornbill flying
by this site. Given the lower elevation of this place,
Rufous-necked Hornbills were never spotted flying
by or stopping in this area.

Discussion

Roost site characteristics

Our study helped us understand the habitats
used for roosting by the Great and Wreathed
Hornbills. Although our study primarily ex-
amined a single roost site each for the Great
Hornbill and the Wreathed Hornbill, we also
have opportunistically monitored an additional
five roosting sites for both species since 2018.
Our observations indicate that Wreathed Horn-
bills prefer riverine habitats, whereas Great
Hornbills tend to roost in dense, moist mixed
deciduous hill forest patches, often near small
Naniwadekar et al. (2021) also
reported similar habitat use patterns, where te-

water bodies.

lemetry was used to understand roost site use
in Pakke Tiger Reserve in Arunachal Pradesh,
north-east India. The telemetry study of a few
tagged Great Hornbill individuals showed that
they mainly roost in forests away from rivers
during the breeding season. However, in earli-
er times, between 1997 and 2004 in one site in
the Pakke Tiger Reserve, Great Hornbills were
seen to use roost sites along the riverbank,
sometimes roosting in mixed-species communal
roosts along with the Wreathed Hornbill in the
non-breeding season (Datta, 2001). Wreathed
Hornbills generally prefer to roost in riverine
habitats (Datta, 2001, Naniwadekar et al., 2021)
during breeding and non-breeding seasons.
Hornbills usually have no threat from terrestrial
predators but can fall prey to arboreal carnivo-
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rous mammals such as clouded leopards, bin-
turongs and yellow-throated martens. Studies
indicate that nocturnal predators like clouded
leopards and binturongs are unlikely to use
open riverine habitats (Grassman et al., 2005;
Tan et al., 2017). This could be one reason horn-
bills select open areas to roost for the night.

Hornbill roost counts and trends

Long-term roosting data can contribute to un-
derstanding population dynamics, including
trends in population size, spatial and tempo-
ral distribution patterns and reproductive suc-
cess. Our year-long observations of the roost
sites in 2022 and 2023 suggest that breeding
males and other non-breeding individuals in
the population of both species, especially the
Wreathed Hornbill tend not to use the same
roost site consistently during the breeding sea-
son. Wreathed Hornbill numbers at roost sites
do not decline much in the breeding season
in Arunachal Pradesh. Datta (2001) reported
that Great Hornbills roost in the range of 2-9
birds and Wreathed Hornbills in the range of
23-63 in the Pakke Tiger Reserve-Papum Re-
serve Forest roost site even in the breeding
season. Currently, in Pakke Tiger Reserve-Pap-
um Reserve Forest, one roost site is used by
Wreathed Hornbills throughout the year, with
numbers ranging from around 10 to 109 (data
from 2016-2022), while another roost site was
only used for a few months in the non-breed-
ing season from August to October (Pradhan
et al., 2022). Great Hornbills are rarely seen at
these riverbank roost sites; singles or pairs are
occasionally observed (A. Datta, pers. obs.).

In the Great hornbill roost site, the highest
numbers were seen in the non-breeding season
from 2018-2019, subsequently they declined
marginally and the numbers have remained
consistent in the next four seasons from 2020
to 2023. The noticeable dip in the first season



of monitoring could be because the forest
patch where they roost has often been subject-
ed to natural forest fires in dry winters. There is
an observed habitat degradation, which might
be the reason for the hornbills to abandon the
roost site in those years and move to other
places. In the case of Wreathed Hornbills, the
non-breeding numbers have increased from
2019 to 2019-2020, decreasing drastically in
2020-2021 and again increasing in 2021-2022
and 2022-2023 (monitoring in 2023 is still on-
going). In February 2020, we recorded the high-
est number (224 Wreathed Hornbills) roosting
at this site in one single evening, but the high-
est in 2021 non-breeding season was only 17
birds on one day in February. The reasons for
the annual fluctuations in numbers are unclear.
The change in numbers at a particular roost
site may indicate that hornbills have moved to
other roosting sites in some years in response
to changing food availability/disturbances; fu-
ture studies could investigate the possible fac-
tors affecting the variation in hornbill numbers
using roost sites. Another factor to consider is
that there could be undiscovered roosting lo-
cations, and some roosts might even be out-
side the park area. Furthermore, it is important
to note that we could not simultaneously mon-
itor hornbills at all known roost sites in a sin-
gle day. Understanding why hornbill numbers
fluctuate at roost sites would require a better
understanding of the spatio-temporal distribu-
tion of food resources and disturbance factors,
simultaneous monitoring of all roost sites, and
tracking tagged birds using telemetry.

There is a documented propensity of communal
roosting by some hornbill species globally, es-
pecially observed in Rhyticeros species such as
the Wreathed hornbill and the Plain-pouched
hornbill (Datta, 2001; Ho and Supari, 2000; Kit-
amura et al., 2008; Kaur et al., 2011). The Great
Hornbills are also reported to roost in relatively
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large numbers (Kemp and Boesman, 2020) in
some sites in Thailand (Pilai Poonswad, pers.
comm.) and southern India (Divya Mudappa,
pers. comm.). The abundance of Great Horn-
bills in BTR is estimated to be 161 birds (mean),
which is quite low (Pradhan et al., 2024). The
numbers seen at roost sites may also indicate
their overall abundance at a particular site. The
more abundant species are likely to flock in
greater numbers. Our population estimates of
Wreathed Hornbill populations through tran-
sect surveys in BTR indicate that the Wreathed
Hornbill has a mean abundance of 375 birds
(range 128 to 1104) (Pradhan et al, 2024)
which is very close to the total maximum num-
bers (224) seen at the main river roost site on
one day, which points to the possibility that al-
most the entire population of Wreathed Horn-
bills could potentially flock together at certain
times in one roost site.

Hornbills nest in tree cavities, with nesting
males making repeated visits to the nest site
to feed the females and chicks during the
breeding season (Kemp, 1995). Since hornbills
are primarily frugivorous, and their main diet
is patchily distributed within a forest (Nani-
wadekar et al., 2015), the selection and use
of roost sites may be influenced by both the
nesting sites during the breeding season and
the location of foraging areas. However, us-
ing telemetry data, Naniwadekar et al., 2021
found that nest or foraging sites did not influ-
ence roost selection. Simultaneous monitoring
of more roost sites and tracking tagged indi-
viduals using telemetry would be needed to
understand the movement patterns between
different roost sites within the landscape.

Another plausible explanation for the tenden-
cy of Wreathed Hornbills to form large roosting
flocks during the non-breeding season could
be related to food-finding and gathering in-
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formation on food resources. The Wreathed
Hornbill’s diet includes a diversity of non-fig
fruit species that are patchily distributed (Dat-
ta, 2001; Naniwadekar et al., 2015). In addi-
tion, there is a lean period in fruit availability
in the low-elevation forests in the non-breed-
ing season (winter months) (Datta, 2001; Datta
and Rawat, 2003). In contrast, Great Hornbills
rely more on aseasonal fig fruit crops and ani-
mal matter (Datta and Rawat, 2003), which are
available throughout the year. They are also
less wide-ranging and appear to be territorial
during the breeding season with small rang-
es (Naniwadekar et al., 2019). Consequently,
Great Hornbills may not need to roost in large
communal flocks.

Patterns in roost arrival times

During the non-breeding season, our observa-
tions of arrival times indicate that Great Horn-
bills typically arrive in a short window of time,
either at sunset or shortly after. Conversely,
flocks of Wreathed Hornbills exhibit a more
prolonged arrival period, beginning approxi-
mately 38 minutes before sunset. This is pos-
sibly because the Great Hornbill may be more
susceptible to human disturbances and past
hunting pressures. Similar arrival patterns were
also seen at roost sites in Pakke TR, where the
Great Hornbills arrived at the roost site over
a short period during or after sunset (Datta,
2001).

Determining the locations where endangered
species like hornbills choose to roost and mon-
itoring the use of these sites is important in
identifying critical sites for conservation action
or management efforts. Continuous monitor-
ing of roost sites over extended periods can
reveal seasonal patterns and trends, possible
changes and shifts in population status, but
also be indicative of the changing patterns
in the use of roost sites. Apart from scientif-
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ic knowledge, long-term monitoring will aid
in detecting potential threats and disturbanc-
es and help determine if any environmental
changes or anthropogenic pressure impacts
the use of these sites. This knowledge is nec-
essary for conservation measures to protect
these critical habitats. The long-term protec-
tion of these habitats will require working with
the local forest department and local commu-
nities to safeguard the roosting habitats from
tree felling and other disturbances and possi-
bly encouraging the planting of roost tree spe-
cies in suitable habitats.
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Table S1. Roost site characteristics of a Great hornbill and a Wreathed hornbill roost site in Buxa Tiger Reserve, West Bengal.

. Mean . .
Roost Hornbill Altitude Habitat Mean GBH height of Dlstfmce Dlstance.to
site . range of roost to village  stream/river
. species type roost trees
location (m) trees (cm) (m) (km) (m)
. Mixed
Pukhri- — Great. 242-335 deciduous 205 SEE 27 (SE 4 300
Tashigaon hornbill . 21.74) +1.19)
hill forest
Roost site
Bala river Wreathed . 429 (SE 34 (SE is located
bank hornbill e Myeine +134.6) +2.22) b on the river
bank
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Abstract

Hornbills are secondary cavity nesters that rely on
naturally formed tree cavities to nest in. However,
the nest availability is limited and can easily decline
due to habitat degradation. This study describes
the characteristics of trees and nest cavities used by
four sympatric hornbill species in Kapuas Hulu, West
Kalimantan. We used photographic measurements
to estimate the nest entrance dimensions, and we
also measured nest characteristics such as nest ori-
entation, tree diameter, nest cavity height, nest po-
sition on the tree and cavity shapes. We found 18
nest cavities in use—one each by Bushy-crested and
Rhinoceros Hornbills, four Wreathed Hornbill nests
and 12 used by Black Hornbills. Trees belonging to
the Dipterocarpaceae family were mainly used for
nesting (83.3%) with an average diameter at breast
height of 91.6 cm, an average tree height of 36 m,
and a branch-free height of at least 8 m. Most nest
cavities were located on the main trunk and had an
elongated slit-shaped entrance, with dimensions
ranging from 53.6 — 615.2 cm?. The nest cavity height
ranged from 2.8 — 29.1 m, and the orientation of the
nest entrance varied from 62 — 346°, with Wreathed
Hornbill nests being relatively more oriented to the
east. Additionally, we found that the area of the nest
cavity entrance increases with the weight of the horn-
bill. These findings provide valuable insights into the

selection criteria of hornbills for nesting sites in the
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region, which can help inform conservation efforts to

protect these unique birds and their habitats.

Keywords: Borneo, cavity nesting, Anorrhinus galer-
itus, Anthracoceros malayanus, Buceros rhinoceros,

Rhyticeros undulatus

Introduction

There are eight species of hornbills in West
Kalimantan out of 13 hornbill species found in
Indonesia (Hadiprakarsa et al., 2020a). All horn-
bills in West Kalimantan are protected by the
Regulation of the Ministry of Environment and
Forestry of the Republic of Indonesia (Kemen-
terian Lingkungan Hidup Dan Kehutanan Re-
publik Indonesia, 2018). The Helmeted Hornbill
is classified as Critically Endangered (CR), while
the Black Hornbill, Rhinoceros Hornbill, and
Wreathed Hornbill are classified as Vulnerable
(VU), and the Oriental Pied Hornbill is classified
as Least Concern (LC) (IUCN, 2020). Several of
these hornbill species are listed in CITES (Con-
vention on International Trade in Endangered
Species; CITES, 2022). The Helmeted Hornbill
is listed in Appendix |, whereas the Black Horn-
bill, Rhinoceros Hornbill, Wreathed Hornbill,

Vol. 5: 41-53,2024



and Oriental Pied Hornbill are listed in Appen-
dix Il (CITES, 2022).

Hornbills nest in naturally formed tree cavities.

Natural tree cavities are formed through
weathering and animal interventions (Poonswad
et al., 2013b). Large trees are often required for
nesting which may have a very limited number
of suitable cavities, and hornbills also cannot
make their own nest cavity, therefore the level
of competition is quite high (Poonswad et
al., 2013b). Inter-specific competition among
hornbills for using nest cavities was 40%, with 78
conflicts occurring during the breeding season
(Poonswad et al., 2005). Damaged nests are also
a factor in reducing the availability of suitable
nesting cavities for breeding. Twenty six percent
of the 106 nests that were occupied by hornbills
had to be repaired in an earlier study (Poonswad

et al., 2005).

Several species of hornbills also have specific

requirements in selecting nesting cavities
(Sibarani et al., 2020). The more hornbill species
there are, the more varied the characteristics
of nest selection become. Describing nest
characteristics in locations with multiple species
can help fill the knowledge gap on the specific
nesting preferences of each species (Poonswad,
1995; Mudappa and Kannan, 1997; Datta and
Rawat, 2004; Naniwadekar et al., 2020). The
availability of nesting cavities is a factor that
influences hornbill populations (Utoyo et al.,
2017). Therefore, it is necessary to document and
understand the characteristics of nest trees and
the dimensions of the cavities used by different
species of hornbills that occur sympatrically. In
addition, while there have been several studies
of hornbill nest site characteristics from South
Asia and other parts of Southeast Asia, this is the
first study that quantitatively describes nest site
characteristics of several species of hornbills from

Indonesia.
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Methods

This research was conducted in the forests of Batu
Lintang village. The data collection area included
swamp heath forests, secondary forests, and
lowland dipterocarp forests. Batu Lintang village
is in Embaloh Hulu District, Kapuas Hulu Regency,
West Kalimantan, Indonesia. Batu Lintang village
(Fig. 1) has an area of 17,772 ha consisting of Pulan
settlement covering 8,292 ha and Sungai Utik
settlement which is a Customary Forest with an
area of 9,480 ha (Kementrian Lingkungan Hidup
Dan Kehutanan Republik Indonesia, 2020).

This research was conducted from February
to March 2022 during the non-breeding
period. Nest location data was collected
through community interviews and Rangkong
Indonesia’s existing data. Data by the Rangkong
Indonesia team was obtained through reports
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from residents regarding the presence of nests,
which were then confirmed in the field. This data
remains opportunistic due to the unstructured
and non-representative nature of the surveys,
as nest data is limited to areas frequently visited
by the community. Interviews were conducted
with community members actively engaged
in forest activities to gather information about
hornbill activity and potential tree cavities for
nests. After collecting information, community
members were invited to confirm the tree
cavities and profile the nest trees. Potential
nest tree cavities were identified by food plant
seedlingsonthe ground, smooth nestentrances,
and signs of nest seals at the entrance. Nests
were categorised as active when they have the
potential to be occupied again by hornbills;
inactive nests are those whose conditions do
not allow them to be reused.

The tools we used to mark the nest trees included
a GPS (Global Positioning System) handset to
record location, a Phi-band or tape measure to
measure DBH (diameter at breast height), and
a compass to determine the orientation of the
cavity entrance. Tree height was measured using
a rangefinder Bushnell Trophy Xtreme, standing
at the base of the tree and measuring to the top
of the tree canopy, the height of the first branch
was measured by aiming the rangefinder to the
junction of the lowest branch attachment to the
main trunk, and the nest height from the ground
was measured by aiming the rangefinder to the
lower edge of the nest entrance. We measured
both the active nest trees that have been used
by four out of the eight sympatric hornbill
species for nesting and/or the inactive nests
which have the potential to be reoccupied.
The four focal hornbill species were the Bushy-
crested Hornbill Anorrhinus galeritus (body
weight: 933 — 1247 g; body length: 60 — 90
cm), Black Hornbill Anthracoceros malayanus
(633 - 1050 g; 60 - 80 cm), Wreathed Hornbill
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Rhyticeros undulatus (2685 — 3650 g; 100 - 117
cm) and Rhinoceros Hornbill Buceros rhinoceros
(2330 - 3000 g; 79 — 90 cm).

We measured the tree characteristics and the
cavity dimensions (Table 1). Estimates of the
height and width of the nest entrance were
calculated using the formula from Fulton (2020)
with several adaptations of the Poonswad
(1995) formula by adjusting the type of camera
(canon 1200d), sensor size, lens focal length,
and distance between the camera and the nest
cavity. The modification was considered given
the existence of new tools such as rangefinders
and DSLR cameras. Measurement of 35 mm
film rolls and objects on film in mm units in
the Poonswad (1995) formula was replaced by
camera sensor sizes and objects in mm and
pixels with the Image J 1.53f application (Fig. 2).

B'(mm)x L' (pixels)

Object height on sensor (mm) = B’ (pixels)

C'(mm)x W' (pixels)

Object width on sensor (mm) = T (pixels)

L= D’x Object height on sensor (mm)
- FL

W= D"x Object width on sensor (mm)
- FL

(formula modification Fulton, 2020)

EL1=1L-1
ELZ = (L —1)/L
EWl=W-w

EW2 = (W — w)/W

Notation: L = Real Object height (cm), | = Scaled
nest entrance height photo (cm), W = Real object
width (cm), w = Scaled nest entrance width photo
(cm), C’ = Sensor width, B’ = Sensor height, I =
Object height (pixel), W’ = Object width (pixel), D’ =
Distance to object (cm), FL = Focal Length (mm).



The nest entrance error formula is the difference
between the estimated nest entrance measurement
using the formula and the measurement using
a scale photograph. EL1 = Error calculating the
height of the entrance to the nest (cm), EL2 =
Error calculating the height of the entrance to the

Table 1. Data variables measured at the nest tree.
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nest (%), EW1 = Error calculating the width of the
entrance to the nest (cm), EW2 = Error calculating
the width of the entrance to the nest (%). All data
were compiled and analysed using Microsoft Excel.
The data were analysed descriptively, by comparing
results in this study with the others.

Variable

Description

Nest Tree

Tree species

Diameter at breast height
(cm)

Tree height (m)

Nest cavity height (m)
Height of first branch (m)
Nest entrance

Nest entrance width (cm)
Nest entrance height (cm)
Nest entrance area(cm?)

Nesting Cavity Parameters

Nest entrance orientation (°)

Nest shape

Nest entrance position

The species of nest tree?

Measurement of diameter at breast height of tree
nests®

Measured from ground level®
Measured from ground level?

Measured from ground level?

Measurement estimation by photographs®
Measurement estimation by photographs®

width x height®

Directly measured

Round is the ratio of the width and height of the nest
entrance <1/2, Oval is the ratio of the width and
height of the nest entrance = 1/2, Slit is the ratio of
the width and height of the nest entrance > 1/2¢

Main Trunk, Primary, Secondary or Tertiary Branch®

@ Rahayuningsih et al. (2017), ® Poonswad (1995), ¢ Poonswad (2012), ¢ Sibarani et al. (2020), ¢

Datta and Rawat (2004).

44



IUCN HSG

Fig. 2. Method of measuring the nest cavity entrance based on modification of Poonswad, 1995

and Fulton, 2020.
Results

A total of 18 hornbill nests was measured,
consisting of nine active and three inactive Black
Hornbill nests, one active Bushy-crested Hornbill
nest, one active Rhinoceros Hornbill nest, and four
active Wreathed Hornbill nests. There were 14
tree species utilised by four species of hornbills
for nesting, primarily from the Dipterocarpaceae
family (83.33%) (Rubroshorea macrophylla (de
Vriese) P. S. Ashton & J. Heck, R. retusa (Meijer) P.
S. Ashton & J. Heck, Shorea sp. 1 (red meranti), R.
albida (Symington) P. S. Ashton & J. Heck, Shorea
sp. 2 (red meranti), Shorea sp. 3 (red meranti),
Shorea sp. 4 (red meranti), S. pachyphylla Ridl. Ex
Symington, R. parvifolia (Dyer) P. S. Ashton & J.
Heck, Dipterocarpus crinitus Dyer, Dipterocarpus
sp.) and the remaining were from Burseraceae
(Dacryodes sp.), Clusiaceae (Garcinia mangostana
L), Crypteroniaceae (Dactylocladus stenostachys
Oliv). Meranti (R. albida) is a frequently used
tree species for nesting, accounting for 16.7% of
recorded nest trees. All the nest trees were found
in lowland forests at elevations ranging from 18 to
126 m asl (Table 2).

Bushy-crested Hornbill nests were on trees with
the largest diameter at breast height (DBH) of 130
cm, while the Black Hornbill utilised trees with the
smallest DBH of 78.8 cm. The nest tree height for
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each hornbill species varied between 32.5 and 44.9
m. The height of the first branch of the nest tree
ranged from 19.6 to 31.2 m. The distance between
the nest entrance and the first branch ranged from
80 - 100.9 cm. The shortest distance was 80 cm for
the Wreathed Hornbill, while the longest is 100.9
cm for the Black Hornbill (Table 3).

The highest nest entrance from the ground was
28.5 m for the Bushy-crested Hornbill, while the
lowest was 8.8 m forthe Black Hornbill (Table 4). The
large hornbill (Rhinoceros Hornbill) had the tallest,
widest, and largest nest entrance. Conversely,
the small hornbill (Bushy-crested Hornbill) had
the lowest nest entrance height, while the Black
Hornbill had the smallest nest entrance width
(Table 4). The error of the nest entrance height was
0.56 cm (-3.86%), while the width error was -1.11
cm (-25.38%) (Table 4). Large hornbills have the
largest nest entrance area, whereas small hornbills
have the smallest area (Table 4).

Eighteen nest cavities from seventeen nest trees of
four hornbill species were characterised. The Black
Hornbill nests consisted of active nests (NO1 —NO5,
NO7, N09, N11, N12) and inactive nests (NO6, N0O8,
N10). The active nest of the Bushy-crested Hornbill
was N13, while the active nests of the Wreathed
Hornbill were N14 — N17, and the active nest of
the Rhinoceros Hornbill was N18. The inactive



Table 2. Species and proportions of hornbill nest trees.
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Nest Tree Family

No. Hornbill Species
Dipterocarpaceae Burseraceae Clusiaceae Crypteroniaceae
1 Black Hornbill 9 1 1 1
Bushy-crested
2 Hormbill 1 n/a n/a n/a
3 Wreathed Hornbill 4 n/a n/a n/a
Rhinoceros
4 Hornbill 1 n/a n/a n/a
Total nest trees 15 1 1 1
Table 3. Characteristics of hornbill nest trees.
Hornbill Species
Variables (Mean = SD)
BH BCH WH RH
([i'ri;“eter atbreastheight 66, 57 4) (130 + 0) (125 = 12.8)  (73.2 + 0)
Tree height (m) (32.5 £ 6.9) (44.9 £ 0) (42.7 £ 3.6) (41.6 £0)
Height of first branch (m)  (19.6 + 5.8) (31.2x£0) (24.8 + 5.5) (26.6 = 0)

BH - Black Hornbill, BCH - Bushy-crested Hornbill, WH - Wreathed Hornbill, RH - Rhinoceros

Hornbill.

Black Hornbill nest NO6 had been taken over by
stingless bees (Figure 3). Nest NO8 was overgrown
with moss and along with NO7, constituted two
cavities in the same tree. Nests N10, N11, and N12
were located on the edge of hunting trails, and
according to local accounts, the parent hornbill at
nest N10 was shot by hunters, rendering it unused.
In addition to human disturbances, some nests
also suffered damage, such as nest N10, which was
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flooded (Figure 3).

The nest entrance direction of the Black Hornbill
ranged from northwest to northeast (Table 5). The
nest entrances of Bushy-crested and Rhinoceros
Hornbill were oriented between southeast and
east-southeast. The Wreathed Hornbill occupies
nest cavities oriented relatively more towards the
east (Table 5).
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Table 4. Characteristics of hornbill nest cavities.

Hornbill Species

Variables

BH= BCH:? WH RH?
Nest entrance height (cm) (28.5+ 8.9) (17.1+£0) (28.8 + 15.3) (58.3 £ 0)
Error (cm)P (0.56 + 8.03)
Error (%)° (-3.86 = 0.29)
Nest entrance width (cm) (6.4 +2.2) (10.4 = 0) (9.2 £ 5.4) (10.6 = 0)
Error (cm)© -1.11 £0.97)
Error (%)° (-25.38 £ 0.20)

(237.9 =

Nest entrance area (cm?) (175 £49.6) (178.9 = 0) 140.3) (615.2 = 0)
Nest cavity height (m) (8.8 £5.1) (28.5 = 0) (24 £ 7.6) (15.8 = 0)

(188.3

Nest entrance orientation (°) (120 £ 0) (98.8 = 14.8) (129 £ 0)

89.1)

BH - Black Hornbill, BCH - Bushy-crested Hornbill, WH - Wreathed Hornbill, RH - Rhinoceros Hornbill,

3Mean=SD, * Error for all nest entrance heights, Error for all nest entrance widths.

Table 5. Qualitative characteristics of hornbill nest trees.

Bushy-crested = Wreathed Rhinoceros

Sl Black Hornbill Hornbill Hornbill Hornbill

Active (9) Inactive

3) Active (1) Active (4) Active (1)

Nest status

Dt Siniiaee Main Trunk (12) Main Trunk (1) Primary (1) Main Trunk (1)

position

Nest shape Slit (11) Round (1) Slit (3) Slit (1)
Nest cavity Northwest to East-
direction Northeast Southeast e southeast

47



Hornbill Nat. Hist. & Conserv.

Fig. 3. Hornbill nest cavities recorded in Kapuas Hulu, 2022. Nest cavities of Black Hornbill (NO1
—N12), Bushy-crested Hornbill (N13), Wreathed Hornbill (N14 — N17), and Rhinoceros Hornbill
(N18). Photo: Mikael Repormanto.
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Discussion

Four species of hornbills (Rhinoceros Hornbill,
Wreathed Hornbill, Bushy-crested Hornbill, and
Black Hornbill) were found nesting out of the eight
hornbill species present in West Kalimantan. The
species whose nests have not been found are
the White-crowned Hornbill, Helmeted Hornbill,
Wrinkled Hornbill, and the Oriental Pied-Hornbill.
A population survey by Hadiprakarsa et al. (2020b)
showed that all eight hornbill species were found
at the study site. It is possible that the nests of
the other four species (White-crowned Hornbill,
Helmeted Hornbill, Wrinkled Hornbill,
Oriental Pied Hornbill) have not been found due to
opportunistic nest data collection based solely on

and

community reports. Nest exploration was limited
to areas frequently visited by the local community.
Additionally, the habitats of these four species
are relatively far from human settlements, and
sightings were rare in the study area (Hadiprakarsa
et al. 2020a).

The nesting record may indicate which hornbill
species are more common in the study area.
In this study, we recorded more Black Hornbill
nests (66.7%), indicating that this species is
the commonest in the study area, followed by
Wreathed Hornbill (22.2%). This is an interesting
finding because nests of Black Hornbill are quite
rare in some areas of the species range, as shown
by several past studies (Poonswad, 1995; Sibarani
et al. 2020). The Black Hornbill and Wreathed
Hornbill are commonly found in lowland forests
ranging from below 200 m asl (Hadiprakarsa et al.,
2020a), as shown by this studly.

Black Hornbill is believed to have a relatively high
tolerance for environmental changes like its close
relative, the Oriental Pied Hornbill, which is also
found near settlements and secondary forests
affected by logging (Hadiprakarsa et al., 2020a;
BirdLife International, 2022). However, this species
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is locally common and higher numbers of nest
trees were found for this species. Most Black
Hornbill nest trees are in swampy heath (Kerapah)
forest areas with litter-rich, occasionally flooded,
and sandy soil. Black Hornbill nest trees in flat
lowland areas (<100 m asl) typical of swampy
heath forests are also found in selectively logged
secondary forest areas. This aligns with the findings
of previous studies (McConkey and Chivers,
2004; Lubis et al., 2023; Ridho et al., 2023). Black
Hornbills in Indonesia are also found in the lowland
dipterocarp forests, secondary forests, patches of
secondary forest, and heath forests (Kerangas).
Protecting this area is recommended, as it is in a
non-conservation area, and hunting and habitat
degradation are potential threats to the species.
We recorded only a single nest of the Bushy-
crested Hornbill and the Rhinoceros Hornbill. The
limited number of nests is due to the information
being restricted to areas most frequently explored
by the community in the swampy heath (kerapah)
forest, making the data less representative and
opportunistic. Exploration of specific habitats, such
as lowland dipterocarp forests, is also necessary to
ensure appropriate representation.

Almost all tree species used by the four hornbill
species were identified as species of the
Dipterocarpaceae family. This tree family comprises
species with relatively strong and durable wood
2006).

Meranti Shorea spp. and Keruing Dipterocarpus

(Muslich and Sumarni, For example,
spp. fall into durability classes 1-3 (Muslich and
Sumarni, 2006). Almost all these nest trees showed
large girth (DBH = 73.2-130 cm). This is in line
with previous research that showed that hornbills
tend to use trees with DBH more than 40 cm and
tree height >35 m (Kinnaird and O’Brien, 2007,
Rahayuningsih et al., 2017; Poonswad, 1995).

Female Rhinoceros Hornbills use nests with the
longest, widest, and largest entrances, although
the data may not be fully representative due to



the sample size of only one. This is likely related
to their relatively long body and wings, as well as
their wide beaks. A relatively high nest entrance
is believed to facilitate the movement of the
female hornbill when entering or exiting the nest.
According to Poonswad et al. (2013b), the female
hornbill enters or exits the nest by inserting or
withdrawing her head first, followed by her wing
in a sideways movement. A relatively wide nest
entrance makes it easier for the hornbill's beak
to enter or exit. The Rhinoceros Hornbill has the
largest beak size compared to the other three
species (Tobias et al., 2022). The nest entrance
must be wider than the hornbill's beak. The width
of the Rhinoceros hornbill’s nest entrance is 10.6
cm (Table 4), which is wider than the average beak
width of female Rhinoceros hornbills at 4.96 cm
(Tobias et al., 2022). The size of the nest cavity
greatly corresponds to the size of the hornbill, as
hornbills choose nest cavities that are as small as
possible to minimise the effort required to seal the
entrance (Poonswad, 1995).

The Bushy-crested Hornbill uses nests with the
lowest entrance height. This is likely due to the
Bushy-crested Hornbill's body and wing size, which
are the second smallest after the Black Hornbill
(Hadiprakarsa et al., 2020a; Tobias et al., 2022).
However, the sample size for the Bushy-crested
Hornbill is only one nest, which is insufficient to
fully justify this assumption. The Black Hornbill
uses nests with the smallest entrance width. This is
consistent with the entrance width of 6.4 cm (Table
4), which is larger than the beak width of 3.15 cm
(Tobias et al., 2022).

The variation in nest cavity area is related to the
hornbill's body size. The relatively large body size
of hornbills is a limiting factor in the availability of
appropriate cavity sizes . Large hornbills have
wider nest entrance openings than smaller hornbills
(Table 4). Rhinoceros and Wreathed hornbills are

large compared to the Bushy-crested and Black
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hornbills. Small hornbills are also relatively lighter
(Poonswad et al. 2013b; Hadiprakarsa et al.,
2020a).

The lowest nest cavity positions were at Black
Hornbill nests. The breeding duration of Black
Hornbill is relatively shorter (+ 50 days) than
Bushy-crested (= 96 days), Wreathed (126 days),
and Rhinoceros Hornbill (+ 122 days) (Poonswad
et al. 2013b). A relatively short breeding duration
reduces the likelihood of predator threats. Bushy-
crested, Wreathed, and Rhinoceros Hornbill being
larger in size, have relatively longer breeding
durations. Hornbills with a longer breeding
duration may require higher nests to reduce the
predator threat (Poonswad, 1995).

The orientation of Wreathed Hornbill nest cavities
is relatively towards the east. Wreathed Hornbill
are believed to prefer cavities with morning light
exposure. However, for the Black Hornbill, nest
orientation is still random, while there is only one
nest each for the Rhinoceros Hornbill and the
Bushy-crested Hornbill. Morning light has long
wavelengths that can accelerate bird reproductive
performance (Yang et al., 2016; Rizal, 2018).

Three Black Hornbill nests were inactive. The nest
cavities were inactive due to collapsed, flooded,
narrowed, or widened nest floors, making them
unsuitable for hornbills to nest (Poonswad et al.,
2005). In addition to structural damage, nests were
also taken over by stingless bees, while poaching
of hornbill chicks from their nests also affects nest
usage (Poonswad, et al., 2013a; Vercoe et al.,
2021). Stingless bees can seal the nest cavities
when their colonies occupy tree cavities. This
occurs in 91.5% of large trees with a DBH of 60-120
cm, particularly within the Dipterocarpaceae family
(Eltz et al., 2002; Macedo et al., 2020). Hornbill
nests are taken over by different species up to
50% of the time, with some of the species that
take over the nests including the sun bear, Great
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Slaty Woodpecker, Yellow-throated Marten, and
monitor lizards (Datta and Rawat, 2004; Poonswad
et al., 2005).

Most of the nest cavities were on the main trunk,
similar to observations on hornbill nest trees in
India (Datta and Rawat, 2004). The formation
of cavities in Dipterocarpaceae trees is done by
woodpeckers (Kumar et al, 2011). The cavities
formed undergo enlargement and are then
occupied by hornbills, which is consistent with
Poonswad et al. (2013b) who reported hornbills
using nest cavities formed by woodpeckers. In
Kalimantan, there are 18 species of woodpeckers
and nine species of barbets (Eaton et al., 2022).
Additionally, cavity formation in the main trunk
can occur due to stem injuries and decomposition
by wood-decaying microorganisms such as
Trichoderma sp., Gliocladium sp., and Fusarium
sp. (Supa-Amornkul et al, 2011). Only a small
portion of the cavities were located on the primary
branches, similar to Datta and Rawat (2004). Cavity
formation on branches is due to branch breakage,
including injuries caused by wildlife and decaying
wood (Poonswad, 1995; Poonswad et al., 2013b).
This study aligns with the findings of Datta and
Rawat (2004) in India, where Great Hornbills
Buceros bicornis tend to choose slit-shaped
cavities. The shape of one nest entrance for the
Wreathed hornbill is oval (Table 5), which is also
consistent with Datta and Rawat (2004). However,
the data in this study are limited in explaining the
reasons behind the preference for nest shapes,
highlighting a research gap that warrants further
exploration.
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Abstract

Ocyceros gingalensis is a species endemic to Sri Lan-
ka, having a vital ecological role in seed dispersal and
maintaining rainforests. However, like many wildlife
species, hornbills face threats from deforestation.
Hence, introducing artificial nests would be one of the
solutions for hornbills to overcome the problem of lack
of mature, large trees with suitable cavities. This study
was focused on an Ocyceros gingalensis nest in an
urban setting. Although up until now, the only records
of urban nests were of natural cavities, this particular
nest was within an aluminum pot. This nest gave insight
into how its diet varied compared to wild nests and a
feasible alternative to current artificial nests used for

conservation.

Keywords: artificial nesting, feeding patterns, nesting
habits, Suburban

Introduction

Sri Lanka is an equatorial island home to two spe-

cies of hornbills—the Sri Lanka Grey Hornbill (Ocy-
ceros gingalensis), which is endemic to the island,
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and the Malabar Pied Hornbill (Anthracoceros cor-
onatus), a South Asia endemic. The Sri Lanka Grey
Hornbill has a predominantly grey and white plum-
age. The male and female can be differentiated by
the colour of their beaks. Malabar Pied Hornbill,
on the other hand, has black and white feathers,
a bright yellow bill and a prominent casque with a
large black patch along the upper ridge and whit-
ish throat patches. The male and female possess
similar appearances; orbital skin is bluish-black on
males and pinkish-white on females (Legge,1880).
These birds are captivating and iconic with their
striking appearance, unique breeding behaviour
and ecological importance. According to Kotag-
ama et al. (2011) and Wickramasinghe and Wijer-
athne (2022), the distribution patterns of the two
species change with the disturbances in the eco-
systems.

These birds are predominantly frugivorous, feed-
ing on various fruits found in the dense rainforests
(Kemp, 1995). They, hence, play a crucial role in
seed dispersal, aiding in the regeneration and
growth of forest ecosystems (Wijerathne et al.,

Vol. 5: 54-60, 2024
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Fig. 1. Study site near the town of Anuradhapura, North Central Province, Sri Lanka.

2023). The female seals herself within a tree cav-
ity using a mixture of mud and droppings, leaving
only a narrow slit for the male to pass food to her
and their chicks (Wijerathne and Wickramasing-
he, 2018; 2019). This unique nesting strategy of
hornbills ensures greater safety and survival of the
chicks and females by providing protection. The
feeding patterns also change during this period as
their diet includes insects, small reptiles, birds, and
whole snails in addition to figs to fulfill the protein
requirement of the growing chicks (Wijerathne et

al., 2023).

The habitats of the Sri Lanka Grey Hornbill primar-
ily encompass the rainforests, evergreen forests,
and deciduous areas of Sri Lanka. These forests
provide food sources and suitable nesting sites
for the hornbills, allowing them to survive in their
natural environment. Previous studies have found
several nests in natural forests in Anuradhapu-
ra District, and have highlighted key tree species
such as Manilkara hexandra, Madhuca longifolia,
Azadirachta indica, Melia azedarach and Mitragy-
na parvifolia to be preferred hornbill nest trees
(Wijerathne and Wickramasinghe, 2019). These
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trees are probably used due to their large girths
(Wijerathne and Wickramasinghe, 2019).
ever, like many wildlife species, the hornbills face

How-

threats from deforestation, habitat loss, and un-
availability of preferred food (Wickramasinghe and
Wijerathne, 2022). Hence, introducing artificial
nests would be one of the solutions for hornbills to
overcome the problem of lack of large trees with
suitable cavities. Here, we report our observations
of an artificial nest within a suburban home garden
in North Central Province in Sri Lanka, to deter-
mine the quality of this nest based on the survival
and fledging of their offspring.

This nest was found in a home garden 1.5 km
from Anuradhapura, North Central Province of
Sri Lanka (Fig.1). The nest was around 1.8 me-
ters above ground within an aluminum pot atop
a mango tree. This pot was previously used by
the homeowners to grow an ornamental plant.
The pot was 40 cm in diameter at its widest (Fig.
2) and its opening was 13 cm wide.

Observations of the nest were for 5 months
from March to July 2023 for the duration of
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Fig. 2. The nest of a Sri Lanka Grey Hornbill made in a pot in a home garden.

the nesting period until chicks fledged. Obser-
vations were taken in 15-minute intervals from
0600 to 1800 hr on two random days in a week
for a total of approximately 400 hours over the
nesting period. Focal sampling (Altmann, 1974)
was used for the data collection. Feeding pat-
terns were observed, and fecal samples were
collected twice a week using a seed trap placed
1.5 m below the nest for further information
of diet. The seed trap consisted of a 2 x 2 m
piece of fabric. The placement of the nest had
an advantage to be observed from a distance.
A hide 10 m from the nest tree was used for
observations without disturbing the behavior of
the nesting hornbills.

Both the male and female had searched for
nesting sites in early March. The female visited
this pot a few times, examined it and then start-
ed cleaning the cavity. Throughout this time, the
male fed the female. The female laid a clutch of
eggs in the last week of March 2023. The im-
prisoned female was frequently fed by the male
during this time. The feeding frequency was 3.5
+ 0.6 (SD) times per hour. The incubation peri-
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od lasted for approximately 30 days, and during
this time, the male fed the female various kinds
of fruits, insects, and occasionally snails and oth-
er food sources such as rice and string hoppers
(local noodles). During the hours of 0600 hr to
1000 hr, the female was mostly fed fruits and
insects. But by 1100 hr the food delivered ap-
peared to completely shift to a mostly insect
diet, with occasional fruits, snails and other
foods like cooked rice and string hoppers being
brought to feed the female (Fig. 3). Snail shells,
bone-like particles and oil lamp wicks were also
observed among the feces collected from the
seed traps (Fig. 4).

By the end of April, the chicks had hatched,
as noticed from the frequent chirping noises.
During the start of May, the frequency of visits
by the male increased compared to April (Fig.
5). The feed that was bought and the feeding
frequency after the hatching of eggs was irreg-
ular throughout the day compared to during in-
cubation but still consisted of the same items.
The feed mainly consisted of insects with some
fruits and nuts with an occasional snail shell.
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Fig. 3. Feeding frequency during incubation (error bars indicate standard deviation).

During this time, the male still brought rice and
oil lamp wicks, but only one lizard was record-
ed throughout May (Fig. 4 and Fig. 5). By this
time, the chicks had sufficiently grown to the
point the nest was somewhat cramped.

By June 12%, the female broke through the
nest seal with new, slightly darker feathers af-
ter moulting. During this time, it was observed
that there were three chicks within the nest.
The feeding frequency increased yet again. It

was the highest ever recorded throughout the
study (Fig. 6). During this time, roughly 91%
of the diet consisted of insects with fruits and
small reptiles. There were also occasions of rice
and oil lamp wicks (Fig. 5). By the 20* of June,
the female started feeding the chicks as well.
We monitored the chicks during this time. By
the end of June, the three chicks had well-de-
veloped plumage, but only one had developed
its tail feathers (Fig. 7).

Fig. 4. Male carrying a snail shell (left), lizard being brought by the male (middle), Male carrying an oil lamp

wick (right).
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Fig. 5. Composition of diet of the Sri Lanka Grey Hornbill (A) During Incubation; (B) After the female left the nest.

On the first of July, the largest of the three ers. The male returned occasionally to feed
chicks fledged the nest accompanied by both the other two chicks, but an overall number
parents. The body size of the fledged chick of visits to the nest was lower than before the
was smaller than the adult with a developed first chick fledged. The second chick fledged
plumage and somewhat developed tail feath- on the 6™ of July, while the third and last chick

Fig. 6. Feeding frequency by the nesting Sri Lanka Grey Hornbill in different months throughout the nesting

s€asoin.
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Fig. 7. Most and least developed chicks beside each other (left). All three chicks with least developed in front

and most developed at the back. Developed tail feathers seen on the largest chick (right).

fledged on the 9t of July. Overall, the feeding
frequency during this time was at an all-time
low (Fig. 6). However, there was an increase in
fruits during this phase compared to the rest of
the weeks. The nesting site was monitored for
another two weeks, and the parents along with
the three offspring were seen to be in good
health as they passed by the old nest from time
to time.

Discussion

In summary, this Sri Lanka Grey Hornbill nest
took 110 days to complete incubation, hatch-
ing and fledging. This finding is like previous
studies conducted in natural forest ecosystems
by Wijerathne and Wickramasinghe (2018).
The present study allows us to speculate that
the diet composition in urban areas may differ
from that of hornbills nesting in natural forests.
In the wild, the majority of the diet consisted
of multiple species of figs and fewer insects
(Wijerathne et al., 2023). But in the current
study, this bird mainly fed on insects, which
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suggests a scarcity of figs in this urban setting.
We also recorded the bird consuming a num-
ber of oil lamp wicks. Currently we do not have
any reasoning behind this feeding behaviour.
The need for required oils was also recorded
in a study based on food availability and food
selectivity of Sri Lanka Grey Hornbill conduct-
ed by Wijerathne et al. (2023). The maximum
number of offspring found in natural nests so
far was two, as found by Wijerathne and Wick-
ramasinghe (2019), but in this nest, three male
chicks successfully fledged. This may be due to
its larger size of the pot compared to natural
tree cavities, but further studies are needed.
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Abstract

The Black Hornbill Anthracoceros malayanus is
known to prefer lowland forest habitats and also
persists in disturbed forests. However, the extent
of its use in disturbed areas remains poorly under-
stood. This study investigated the Black Hornbill’s
habitat preference in Kapuas Hulu Regency, West
Kalimantan, Indonesia. We used spatial analysis to
explore the spatial characteristics of 15 active nests.
The nests were found in lowland areas (<500 m asl)
and mainly in dry-mixed farmlands (33%) and sec-
ondary dryland forests (27%). The remaining nests
were in the secondary swamp (20%), shrub forests
(13%), and dryland agriculture (7%). Most of the
nest trees were in Shorea spp. (Family Dipterocar-
paceae) with the diameter at breast height (DBH)
ranging between 0.35 — 1.20 m and a height range
of 20— 50 m. Around 67% of the nests were situat-
ed along the perimeter of shifting cultivation fields
or near trails or settlements. One nest was about
100 m from the closest trails, while the closest nest
to a settlement was about 500 m away. The spatial

analyses also revealed the proximity of the nests to
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potential anthropogenic disturbance sources such
as road and river networks, farmland, fire hotspots,
and deforested areas. The findings provide insights
into the Black Hornbill’s tolerance to human dis-
turbance and habitat use. They also highlight the
importance of protecting its habitat, particularly
in areas with shifting cultivation fields and human
settlements. This study underscores the need for
further research to identify effective conservation
strategies for the Black Hornbill in disturbed for-

ests, farm edges and higher-elevation habitats.
Keywords: Bucerotidae, conservation, nest prefer-
ences, shifting cultivation, spatial analysis
Introduction

The Black Hornbill Anthracoceros malayanus
is a member of the Bucerotidae family and is

listed as vulnerable by the IUCN Red List of
Threatened Species (BirdLife International,

Vol. 5: 61-74,2024



2018).InIndonesia, the BlackHornbillisaspecies
protected by the Ministry of Environment and
Forestry through Regulation P.106 of 2018
(KLHK, 2018). Its population is threatened
due to land clearing and hunting, especially
for consumption (BirdLife International, 2018;
Kurniawan et al., 2024).

Research on the breeding ecology of hornbills
is crucial as it has a direct impact on increasing
the population. One aspect of this research is
the assessment of the nesting characteristics
of the target species. Like the other hornbill
species, Black Hornbill is also a secondary
cavity nester (Kitamura et al., 2011; Poonswad,
2012). The nest cavities are usually in large, old
trees, but the availability of such trees is rare
(Kaur et al., 2020). Our survey in Kapuas Hulu
recorded that the trees with such characteristics
are no more than 1% of the trees in the
population (Rangkong Indonesia, unpublished
data). Generally, their rarity is caused by land
clearing and/or natural tree falls (Kitamura et
al., 2004; Meijaard et al., 2006). It is therefore
necessary to study nest availability and use due
to its direct influence on wildlife population
sustainability (Okahisa et al., 2012), including
that of Black Hornbill nesting and population.

So far, it is known that Black Hornbills like
lowland forest habitats close to settlements
and can adapt to human activities (Franco and
Minggu, 2019). However, not much is known
about the level of disturbance that may be
tolerated by the Black Hornbill (Poonswad et al.,
2013b). During hornbill conservation activities
in Kalimantan, Rangkong Indonesia, an NGO
that works on Indonesian hornbill conservation,
received several reports regarding active nests
of Black Hornbills. As a follow up to this work,
we evaluated the spatial characteristics of nest
locations and documented the disturbance
levels around the nests of the Black Hornbill
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Methods

Study area

This research was conducted in Kapuas Hulu
Regency, Kalimantan Barat Province, Indone-
sia. The nest data were collected from the local
community reports between November 2018
and December 2022. Kapuas Hulu Regency is
in the northern part of Indonesian Borneo, ad-
jacent to Malaysia (Fig. 1). The topography has
an altitude range between 0 and 1500 m asl,
and the slope ranges from 0% to 40%.

Kapuas Hulu Regency has 56.5% of its area
covered by intact tropical rainforests, designat-
ed as conservation and protected areas. This
regency is home to two national parks, Be-
tung Kerihun National Park (BKNP) and Danau
Sentarum National Park (DSNP), which to-
gether span 2,322,791 hectares, making it the
second largest conservation area on Borneo
Island. Based on our previous research (Rang-
kong Indonesia, 2020 unpublished data), Kap-
uas Hulu is an important habitat for the Hel-
meted Hornbill Rhinoplax vigil and seven oth-
er hornbill species in Kalimantan with various
habitat types, including Lowland Dipterocarp,
Hill Dipterocarp, Submontane Dipterocarp,
Peat Swamp, Freshwater Swamp, Riparian and
Heath Forest.

The public reported the nests in four villages:
Karya Mandiri, Tanjung Lasa, Sungai Utik, and
Pulan. The Sungai Utik and Pulan villages are
adjacent to each other and situated between
the two national parks, BKNP and DSNP. These
two villages have relatively similar habitat types
in the form of swamp Kerangas and lowland
dipterocarp forests. On the other hand, the
Karya Mandiri village is in the southern part of
Kapuas Hulu, and Tanjung Lasa is in the north-
ern part. Both have the lowland dipterocarp
forest as the dominant habitat type. Tanjung
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Fig. 1. The red rectangle shows the study sites in Kapuas Hulu Regency,

Kalimantan Barat Province, Indonesia.

Lasa and Karya Mandiri are separate stretches
of the Utik and Pulan Rivers.

Data collection and analyses

We verified all the nests reported by the local
communities to ensure that the cavities had
been used by the Black Hornbill for breeding.
The reported nest was noted as “used” if it
met one of the following criteria: (a) male was
observed to feed the inmates at the nest, (b)
beak of the female/chick(s) was seen at the
nest cavity, (c) female/chick(s) seen coming out

of the nest cavity, and/or (d) fresh droppings
were observed under the nest cavity. The horn-
bill species was also validated based on the
dropped feathers of the Black Hornbill under
the nests (Fig. 2).

Previously, these nests have been inspected,
tagged, identified, and observed by Reporman-
to (2023). However, additional nests were found
in the surrounding area, and all these nest tree
characters were redescribed following Mudap-
pa and Kannan (1997). Parameters determined

Fig. 2. Black Hornbill nest verification criteria, from left to right: The male feeds in the nest cavities; the beak of

the female/chick(s) is at the nest cavities; the female/chick(s) is coming out of the nest cavities; fresh droppings

were observed under the nest cavity with identified dropped feathers of the black hornbill.
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were tree species identity, diameter at breast
height (DBH), tree height, and nest cavity
height. Instead of measuring the nest cavity
dimensions, we described the shape accord-
ing to Poonswad (2012) with the modification
into three categories as follows: (a) Round if the
width of the cavity was approximately the same
as the length, (b) Oval, if the length was ap-
proximately two times the width, and (c) Slit, if
the length was more than two times the width.

The nest location and disturbance level were de-
scribed to determine Black Hornbill's nest site
characteristics. Several parameters, including
land cover, elevation, and slope, were used to
describe the spatial characteristics. The topo-
graphic analysis was conducted by extracting el-
evation and slope data from the DEMNAS data
(https://tanahair.indonesia.go.id/demnas/#/)
using QGIS 3.20.1. Results from slopes analyses
were categorised following Arsyad (2010) into flat
(0-8%), gentle slopes (9-15%), slopes (16-25%),
steep slopes (26-40%), and very steep slopes
(>40%). The disturbance levels were projected
by the distance to the nearest settlement, road,
river, fire hotspot, paddy field, and deforestation,
using Proximity Euclidean distance, which was
obtained through multi-value extract (Chasar et
al., 2014, Hidayat and Febriani, 2021). We also
included the distance to the nearest river as one
of the parameters because in Kalimantan, rivers
are used for transportation (Purmintasari et al.,
2018), and based on personal observations they
are generally used as hunting routes.

All multivariate statistical analyses were per-
formed using the ‘vegan’ package in RStudio
statistical software, utilising the ‘metaMDS’
function to visualise the grouping pattern of
spatial characteristics of each nesting location.
Differences in disturbance levels between the
studied locations measured by factors such as
the distance to the nearest settlement, road,
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river, fire hotspot, paddy field, and areas of
deforestation were visualised using non-metric
multidimensional scaling (nMDS) based on Eu-
clidean dissimilarities. The data was visualised
using ‘ggplot2’ as a two-dimensional ordination
and ellipses, which showed 95% confidence
intervals based on standard error. Data valida-
tion was conducted using a one-way Analysis
of similarity (Anosim) test with 95% significance
to determine whether there are significant dif-
ferences in the identified threat data, utilising
the ‘Anosim’ function of the ‘vegan’ package.

Results

Nest characteristics

A total of 30 nests had been reported by the
local community from 4 settlements. However,
only 15 nests were verified as being used by
Black Hornbills. Most of the active Black Horn-
bill nests were in Sungai Utik (7), followed by
Pulan (6), and Karya Mandiri and Tanjung Lasa
with one nest each. Meanwhile, the remain-
ing 15 nests were identified as being used by
other hornbill species, namely Wreathed Horn-
bill Rhyticeros undulatus, Rhinoceros Hornbill
Buceros rhinoceros, and Bushy-crested Horn-
bill Anorrhinus galeritus, and/or broken nests
that were not used by hornbills anymore. Most
of the nest trees were identified as Shorea spp.
of the Dipterocarpaceae Family. The average *
SE of the DBH of the nest trees were 74.0 = 7.1
cm (range: 35.7-120 cm), and the tree height
was 29.7 = 3.0 m (range: 20-50 m). The height
average of nest cavities was 6.4 = 1.4 m, with
the lowest height being 2 m above the ground.
Ten nest cavity openings were slits, while three
were round, and two were oval (Table 1, Fig. 3).

The nest spatial characteristics
Spatially, all nest positions were in lowland
habitat < 500 m asl (Fig. 4a). Based on the to-
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Fig. 3. The nest hole shape recorded in this study. Above, from left to right: S001, S002, S003, S004, S005.
Center from left to right: S006, S007, S008, S009, S010. Below from left to right: S011, S012, S013, S014, SO015.

pography, most nests were situated on a gen-
tle slope (9-15%), and only a single nest was
on a steep slope (26-40%) (Fig. 4b). None of
the nests were in primary forests. Based on the
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2016 land cover data (KLHK, 2020), seven nests
were in secondary forest areas, while eight were
found in non-forest areas. Of the seven nests,
four were in the secondary dryland forest type,



Fig. 4. The spatial location of Black Hornbill nests
based on: a) topography, b) slope, and c¢) land cover.

and three nests were in the secondary swamp
forests. The eight nests in the non-forest area
were in the shrubs (2), shrub-mixed dryland
farm (5), and dryland agriculture (1). Based on
the spatial location of the Pulan settlement, it is
closest to patches of secondary swamp forest
(170 m) and secondary dryland forest (150 m),
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while the other three settlements are farther
from forest patches and closer to dry agricul-
tural land (Fig. 4c).

Disturbances tolerated by Black Hornbill

Although we did not conduct preference analy-
sis, considering that the sample originated from
opportunistic data, we observed disturbance
levels tolerated by the Black Hornbill based on
the distance of the nest from the nearest dis-
turbance centre. The analysis revealed that the
average distance ( = SE) between the nests to
the nearest road was 1,433 (= 518.1) m (range:
109-8,141 m), nearest settlement was 1,419.3
(£ 226.8) m (range: 525-3,363 m), paddy-field
was 53.7 (x 23.4) m (range: 0-277 m), river was
859.5 (+ 513.5) m (range: 47-514 m), fire hot-
spot was 1425.3 (+ 163.3) m (rang: 489-2633
m), and to the deforested area was 1,812.6 (=
411.6) m (range: 488-6,086 m) (Fig. 5). The Eu-
clidean analysis also found that four active Black
Hornbill nests (S002, S008, S009, and S014)
were at zero metre distance from paddy fields.

Based on the nMDS analysis, two groups with
identified:
Group 1 (Pulan) and Group 2 (Sungai Utik, Karya

similar disturbance sources were

Mandiri), while Tanjung Lasa (S008) was separate
on its own (see Fig. 6). From this grouping, the
stress value obtained was 10%, indicating that
the model performance was quite good, and the
Anosim R?value obtained was 0.74. Subsequent
model testing using one-way ANOSIM revealed
significant differences in threat data between
nests in Sungai Utik and Pulan (p < 0.001).

Discussion

The spatial analysis supports the statement of
Poonswad et al. (2013b) that the Black Horn-
bill species were generally found below 200 m
above sea level and are rarely observed in areas
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Fig. 5. Distance between Black Hornbill nests with several disturbance level, i.e., road

(a), settlement (b), paddy-field (c), river (d), fire hotspot (e), and deforestation (f).

Fig. 6. Clustering patterns of hornbill nests based on disturbance levels Using NMDS.
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>600 m above sea level. In the context of nest
tree characteristics and nest cavity, this study
also corroborates the assertion by Kaur et al.
(2020) that hornbills exhibit specific preferenc-
es for selecting large-sized nest trees with a
diameter at breast height (DBH) exceeding 40
cm, typically found within the Dipterocarpace-
ae family in lowland forests (Poonswad et al.,
2013a; Santhoshkumar and Balasubarmanian,
2010).

With additional nest data, this research reaf-
firms Repormanto’s (2023) findings. It also sup-
ports Datta and Rawat's (2004) statement that
the dimensions of the cavity are more crucial
for hornbill nest suitability than the character-
istics of the nesting habitat, given that nests
were found in non-forest areas.

Usually, potential nest cavities used by Asian
hornbills are typically situated at considerable
heights, averaging over 10 metres (Rahayuning-
sih et al., 2017; Kaur et al., 2020). The selection
of these nest sites is associated with enhanced
safety levels when nests are positioned high-
er, thereby minimising disturbances from other
animals or humans (Ismail et al., 2015). Recent-
ly, the nest height of a Narcondam Hornbill
(Rhyticeros narcondami) was recorded at 4 m
above ground (Naniwadekar et al., 2020). Our
two-metre nest above the ground S014 may
be Indonesia’s lowest recorded natural horn-
bill nest. The low height of the hornbill nest
was probably due to limited trees with cavities
available, which forces them to nest at lower
heights (Naniwadekar et al., 2014). Another
unique finding was that the nests were situated
in non-forested areas. In general, hornbills are
known to inhabit primary forests such as those
found in Java, Kalimantan, Sulawesi, India, and
Thailand (Kinnaird and O’Brien, 1999; Klop et
al., 2000; Poonswad, 2012; Rahayuningsih et
al., 2015), including the Black Hornbill in Suma-
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tra (Hadiprakarsa et al., 2007). The decrease in
the availability of large trees results from log-
ging, leading to a decline in tree population in
the habitat, particularly at the study site where
we found that trees from the Dipterocarpaceae
Family are often logged for trade and as build-
ing materials by the local community.

The shape of the cavity entrance used by the
Black Hornbill was mostly in the form of a slit,
while a few were round or oval. The choice for
a particular entrance shape could be specific to
hornbill species (Poonswad, 2012). Meanwhile,
the entrance shape for large hornbills, such as
the Rhinoceros and Wreathed Hornbills, tends
to be slit-shaped (Repormanto 2023). Accord-
ing to Utoyo et al. (2017), the nest entrances
for the Helmeted and Wreathed Hornbills are
large in dimension and typically round or oval.
Most of the nest trees were identified as Sho-
rea spp. in the Family Dipterocarpaceae, while
a single nest was in a Lauraceae tree.

These unique findings can be caused by the
high adaptability of the genus Anthracocer-
os to the limited resources surrounding their
habitats (Poonswad et al., 2013a). Although
the information for the Black Hornbill is limited
(Poonswad et al., 2013a), a closely related spe-
cies, the Oriental Pied-Hornbill Anthracoceros
albirostris, has often been noted to adapt well
to limitations in supporting resources and hab-
itat disturbances (Datta and Rawat, 2004; Yus-
ran et al., 2023). An extreme case is the report
of Oriental Pied-Hornbills in Malaysia that used
a jar as a nest and as a response to the limited
natural nest availability (Ismail et al., 2015).

Small-sized hornbills are known to have better
adaptability compared to larger hornbill species
(Gopalan, 2021). In response to environmental
changes, the genus Anthracoceros, including
the Black Hornbill, prefers to change the com-
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A village close to a Lowland Dipterocarp Forest.

position of their food rather than emigrating
like the larger hornbills such as the Rhinoceros,
Wreathed, and Helmeted Hornbills (Poonswad
et al., 2013a). It is not surprising that sever-
al studies have recorded the presence of the
Black Hornbill in habitats such as tidal swamp
forests, extending to secondary and nearby
forest edges (Akbar et al., 2020; Franco and
Minggu, 2019). Some studies have recorded
the presence of the Black Hornbill around oil
palm plantations on the same island of Kalim-
antan (Akbar et al., 2020; Nur et al., 2013). This
study also adds to the growing knowledge of
the adaptability of the Black Hornbill, showing
it can live in non-forest areas or predominantly
human-use areas.

Based on the grouping of characteristics, it
is evident that Group 1 (Pulan) has nests that
tend to be close to four sources of disturbance:
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roads, settlements, paddy fields, and rivers. In
contrast, Group 2 (Sungai Utik) included four
nests (5002, S004, S012, and S015) with char-
acteristics like those in Pulan. The other two
groups, Karya Mandiri (S008) and Tanjung Lasa
(S009), are closer to rice fields and tend to be
farther from the other four sources of distur-
bance. In Pulan, the settlements are located
near forest patches, and land cover for farm-
ing is concentrated in one area. In contrast,
settlements are far from forest patches in the
other three locations, and paddy fields are not
concentrated in one area. When considering the
distance of the settlements to the forest patch,
Pulan is the closest at 150 m, followed by Sungai
Utik at 1,160 m, Tanjung Lasa at 1,104 m, and
the farthest being Karya Mandiri at 4,336 m.

We also noted that all nests were at least 400
m away from disturbances such as fire hotspots



caused by fresh land clearing for paddy fields.
It has long been recognised that the traditional
farming culture in Kalimantan remains deeply
rooted in ancestral traditions, particularly in
shifting cultivation systems (Kwirinus and Yun-
iarto, 2023). This agricultural practice contin-
ues to involve land clearing through burning as
part of its sequence. This system ensures local
food security, and also plays a crucial role in
preserving the local wisdom of the Kalimantan
people (Kwirinus and Yuniarto, 2023). Howev-
er, such activities will likely affect the existence
of Black Hornbill nests. We recommend the
establishment of regulations for the protec-
tion of nesting areas at the local level based
on customary laws. This approach can leverage
the historical social capital, particularly the lo-
cal community’s (notably the Dayak people’s)
respect for hornbills (Bennett et al., 1997; Fur-
ness, 1902).

Limitations

However, it is important to note that the data
is opportunistic, so it cannot be concluded that
the measured spatial or physical characteris-
tics reflect the preferences of Black Hornbills.
To determine preferences, a more structured
survey design with a more representative sam-
ple size and considering all the existing habitat
types (Lopez et al., 2023) will have to be car-
ried out. The reports provided by the commu-
nity were certainly based on areas they usually
explore. This study has not covered areas not
commonly visited by the community and natu-
ral forest areas.

The data collected by the Batu Lintang commu-
nity is an outcome of Community-Based Mon-
itoring (CBM) initiated by Rangkong Indone-
sia, considering the community’s involvement
in gathering scientific data (Gofman, 2010).
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The challenges in implementing CBM include
limited community participation, constrained
capacity-building training time, financial limi-
tations, inconsistent data collection using tech-
nology, weak integrity in supervision, social
conflicts among communities, and restricted
communication among local staff, all of which
pose challenges in monitoring.

Although this study found that the Black Horn-
bill can live around human communities with
non-forest cover types such as shrubs, shrub-
mixed dryland farms, and dryland agriculture,
further investigation is necessary. This is a lim-
itation of this study, considering that the sec-
ondary land cover data used has a broad scope
and utilises medium-resolution Landsat image-
ry (30 m of resolution) (KLHK, 2020). In the
technical guidelines for the secondary data,
slight disturbances can result in different clas-
sifications; for example, a primary forest cate-
gory may become a secondary forest if a foot-
path is found. Validation or comparison with
independent land cover analysis using more
detailed imagery sources is recommended and
may show different results from this study.

Conservation concerns

Despite the limitations of this study, an impor-
tant finding is that most of the nests discovered
are easily accessible by humans, which could
threaten the Black Hornbill population there.
Kurniawan et al. (2024) explain that the Black
Hornbill is currently a target for hunting by lo-
cal communities in Kapuas Hulu, the same dis-
trict where the nests were found. Furthermore,
research by Ismail (2015) demonstrated that
despite their adaptability, human disturbanc-
es to the nests of the Oriental Pied-Hornbill in
Peninsular Malaysia strongly affect breeding
success. This is a concern, considering that the
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Black Hornbill is more sensitive to disturbances
than the closely related Oriental Pied-Hornbill.
The findings provide insights into the Black
Hornbill’s tolerance levels and characteristics
of the nest trees and highlight the importance
of protecting these trees. While the Black
Hornbills show some adaptability to disturbed
environments, they tend to avoid fire hotspots
and deforestation. The study emphasises that
the data used is opportunistic, so the habitat
preferences of the Black Hornbill are not yet
conclusively determined. Further research is
needed to understand habitat preferences in
more detail, including the impact of human
disturbances on breeding success, in order to
identify effective conservation strategies for
the Black Hornbill in disturbed forests, human
use areas, and higher elevation habitats. Using
high-resolution satellite imagery can provide
more accurate data on land cover changes and
their impact on Black Hornbill habitats.
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Table 1. Verified nest used by Black Hornbill in Kapuas Hulu Regency. FBH = the first branch height, DBH=Diameter at breast height, TH=Height of the nest tree,
NH=Nest height from the ground, Shape=Slit (length>2x width), Oval (length = 2x width), Round (length=width).

No Nest code Local name Scientific name Family FBH (m) DBH (cm) TH (m) NH (m) Shape

1 S001 Perawan Shorea sp. Dipterocarpaceae 20.3 98.2 30 15.3 Slit

2 S002 Engkabang Rubroshorea macrophylla Dipterocarpaceae 14.8 120 36.7 11.7 Slit

3 S003 Medang N/A Lauraceae 17.8 52.8 24.6 4.2 Slit

4 S004 Perawan Bangkit Shorea sp. Dipterocarpaceae 23.1 91.4 36.9 5.2 Slit

5 S005 Engkabang Rubroshorea macrophylla Dipterocarpaceae 17 87.6 25 3.9 Slit

6 S006 Meranti Shorea sp. Dipterocarpaceae 20 102 50 11 Slit

7 S007 Meranti Shorea sp. Dipterocarpaceae 15 43 27 7 Slit

8 S008 Engkabang, Tengkawang  Rubroshorea macrophylla Dipterocarpaceae 14 70 29 2 Slit

9 S009 Kensurai (Keruing) Dipterocarpus sp Dipterocarpaceae 8 60 20 5 Rounded
10 S010 Pukul Rian Anisptera laevis Dipterocarpaceae 26 73 33 13 Oval

1 S011 Perawan Mansau Shorea sp. Dipterocarpaceae 15.9 101.9 29 4 Rounded
12 S012 Tekam Dipterocarpus crinitus Dipterocarpaceae 21.5 35.7 30 6.9 Slit

13 S013 Pukul Rian Anisoptera laevis Dipterocarpaceae 221 57.5 35 55 Oval

14 S014 Perawan Mansau Shorea sp. Dipterocarpaceae 20 69.7 30 2 Slit

15 S015 Meranti Shorea sp. Dipterocarpaceae 15 50 30 10 Rounded
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Observations on Indian Grey Hornbill Ocyceros birostris in an Indian
city reveal shifts in diet and nesting

Ajay Gadikar

13, Classic Purnima Park Colony, Opposite Radisson Hotel, Indore 452010, Madhya Pradesh, India.

*Corresponding author: ajay.gadikar@Imsin.com

Indian Grey Hornbill (IGH) Ocyceros birostris is
endemic to south Asia. It is widely distributed
across the plains of India. It has adapted well
to human-dominated landscapes and is often
seen in urban gardens, forest or horticulture
nurseries, orchards, and roadside plantations,
apart from the agriculture areas. IGH feeds
mostly on fruits, especially figs, and the chicks
are fed invertebrates to complement the car-
bohydrate-rich diet with proteins.

In the central Indian city of Indore, it is very com-
monly seen in the Residency area. This locality
is the greenest part of the city, with relatively
high tree cover. This area still holds the remain-
ing big and old trees, like the Ficus benghal-
ensis, Ficus religiosa, Ficus racemosa and Aza-
dirachta indica. These trees also have cavities
for hornbill nesting. The majority of the hornbill
nests are seen in this area. The IGH breeding
period coincides with the fruiting of fig trees
in central India. It breeds from March to July

Image 1. Male Indian Grey Hornbill with a piece of dry chapatti (Indian Bread) at the nest.

Vol. 5: 75-80, 2024



Table 1. Summary of nest entry dates across 12 years, number of nests monitored.
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. March March March
Earliest Latest
Year Average Average Average Comments
entry date  entry date . S
Temp (min) Temp (max) Humidity
2011 22-Mar 4-Apr 13.23 32.44 77.08
2012 25-Mar 31-Mar 11.69 33.79 78.61
2013  19-Mar 2-Apr 15.15 33.97 75.94
2014  19-Mar 3-Apr 12.77 32.13 79.29
2015 26-Mar 3-Apr 16.76 31.06 73.39
2016 20-Mar 1-Apr 23.77 35.05 65.55
Year of early
2017 5-Mar 12-Mar 19.03 34.48 68.26 .
nesting
2018 18-Mar 30-Mar 17.74 36.90 66.96
Year of early
2019 6-Mar 18-Mar 15.69 35.06 68.97 ,
nesting
2020 No Data No Data 15.37 31.44 83.37
Year of early
2021  7-Mar 14-Mar 24.19 34.81 87.61 )
nesting
2022 13-Mar 19-Mar 16.39 34.76 78.33

(Ali and Ripley, 1983). Their breeding cycle was
reported between 20* March and 22nd June in
a study of six nest sites in Nagpur, Maharashtra
(Kasambe et al., 2011). As per another study
in Eastern Ghats (Santhoshkumar and Balasu-
bramanian, 2015) the nesting started early in
March and ended in late June. The nesting pe-
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riod averaged 87 days, with the female sealed
in the nest cavity. Here, | report aspects of IGH
diet and nesting from more than a decade of
monitoring IGH in an urban environment.

Since 2010, | have monitored an average of
eight nests (range: 7 — 9) during their breeding
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Image 2. Indian Grey Hornbill feeding on Gathia (savoury snack made from chickpea flour) with House Crow

Corvus splendens

Image 3. The male feeding the nest inmates in the

hole in a concrete wall.

season in the Residency area. The Residency
area includes the residences of the Senior Gov-
ernment officers posted in the Indore district,
Residency Kothi, Horticulture Nursery, Biodi-
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Image 4. The male feeding the female at another nest

site in a concrete wall.

versity Nursery, Forest Department Nursery,
Agriculture college and its premises and Indore
Zoo of Indore city. Only one of the nests was
outside the Residency area. It was 1.2 km from
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Image 5. The nest entrance is sealed properly just like in naturally formed nest-cavities.

the Residency area. | used Binoculars (Nikon
Monarch 8 x 42 and Olympus 10x50) and a
Nikon DSLR D90 Camera with a zoom lens
for observing and taking records at the nest.
As most of the nests were in close proximity,
one observer was able to keep a watch of two
to three nests at the same time. In 2013, | in-
stalled CCTV cameras to document the whole
nesting cycle at one nest.

In the recordings at the nest, for the first time |
documented the male IGH providing pieces of
dry chapattis (Indian Bread) and biscuits regu-
larly to the chicks (Image 1). Other than this,
the Indian Grey Hornbill were also seen feed-
ing on poha (a savoury dish made from puffed
rice) (Gadikar, 2017a and 2017b) and gathia (a
savoury snack made from chickpea flour) (Im-
age 2). In the urban setting, thus | documented
IGH having a changed diet.

In 2015, an IGH pair used a hole (cavity) of a
concrete wall of a multi-storied residential
building for nesting. Till then, it was known

that the hornbill makes nests in cavities inside
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the tree trunk or artificial nest boxes. IGH has
successfully nested in this artificial cavity in an
apartment for three consecutive years (Image
3). Similarly, in 2018, an instance of successful
nesting in an apartment cavity has been docu-
mented elsewhere in the city as well (Image 4).
However, in this case, the cavity was only used
for one year. These are examples of hornbills
using modified structures in cities for nesting.
The hornbills seal the opening of the concrete
wall in the same way as they seal a naturally
formed cavity entry (Image 5). In all three at-
tempts, the nesting was successful, with two
chicks fledging each year from it, almost the
same success rate as compared to the other
nesting attempts. This also points to a fact that
nesting cavities may be limited in availability in
urban areas like Indore.

The observations on female first entry dates in
the nesting cavity at the start of the breeding
cycle also yield some insights into shifting nest-
ing timings. Table 1 displays the data of female
earliest and latest entry dates in the nest cav-
ity over the years. The data observed on the
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female entry dates at the nest sites indicates
earlier nesting in some years.

IGH are typically known to nest from the end
of March onwards. For the first seven years of
monitoring, | documented that IGH were most-
ly beginning to nest in the first week of April
and occasionally in the last week of March.
But in years 2017, 2019 and 2021, they began
nesting at least two weeks before the usual
nesting period. The reasons for early nesting
in these years are not known. However, similar
shifts in hornbill nesting have been reported
from Eastern Himalaya as well (Datta, 2022).
The temperatures of March (high and low) and
the humidity do not show any clear associa-
tion for their early nesting. Within these three
years of early nesting, the nesting success was
slightly higher in two of the three years, i.e., in
2017 and 2019. The breeding success was 12-
15% higher for these two years, It is important
that long-term monitoring of hornbill breeding
should be initiated and determinants of varia-
tion in nesting and its impact on nesting suc-
cess be determined.

There is very limited information on hornbills
in urban environments. This note demon-
strates that the Indian Grey Hornbill forages
on non-natural food items and nests in artificial
structures in a tier-two city in India (Gadikar,
2017). The long-term study also demonstrates
variations in their nesting cycle. Future studies
should aim to determine the drivers of these
variations in nesting and their impact on horn-

bill populations.
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A note on the death of an Indian Grey Hornbill Ocyceros birostris
during a nesting attempt
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Hornbill breeding is unique since the female
hornbill incarcerates herself in the nest cavi-
ty during the nesting period. The female en-
try into and exit out of the nest cavity during
the breeding period is a vulnerable period for
her as she faces predation risk. The female in-
spects the cavity by entering and exiting mul-
tiple times. At the end of this inspection pe-
riod, she starts sealing the nest opening with
her excreta, and the mud which is provided
by the male from outside (Kasambe, 2011).
The size of the cavity entrance must be opti-

mum for protecting the female and chicks from
predation and not too small for the female or
chicks to struggle while exiting. Unfortunately,
human-modified habitats may provide limited
nesting opportunities for these birds due to
reduced tree cover, pushing them to nest in
more suboptimal habitats.

The forest colony premises in Indore in the
Madhya Pradesh state of India has the offices
of the Chief Conservator of Forests and Divi-
sional Forest Officer, and residential houses of

Image 1. Dead Indian Grey Hornbill female. Photograph by Neel Gadikar.
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Image 2. A male Indian Grey Hornbill inspecting the

cavity just above where the female had died.

the Forest Department staff, apart from a bio-
diversity nursery. The premises has more than
50 large trees, and many of them with multiple
cavities. Many of the trees are Ficus trees that
provide food to frugivorous birds. As the breed-
ing period approaches, many pairs of hornbills
are seen in the premises searching for suitable
nest sites. | have been monitoring hornbill nests
in this premises since 2010.

During the monitoring of the Indian Grey Horn-
bill (Ocyceros birostris) nests in the Forest Colo-
ny Premises at Indore with my son Neel, | found
a female Indian Grey Hornbill that had likely
died while trying to exit the nest during the early
breeding phase on 21st March 2021 (Image 1).

Ajay Gadikar

82

Hornbill Nat. Hist. & Conserv.

While another cavity just above this nesting
cavity has been regularly used by hornbills
for nesting, this nesting cavity has never been
used for breeding by the Indian Grey Hornbill
over the last 5 — 6 years since | started watch-
ing this tree. However, parakeets regularly use
the cavity for breeding. On closer inspection,
the cavity entry appeared to be very small.
We could not confirm whether the female
had entered and partially sealed the nest and
then struggled to exit the cavity or whether
the female managed to enter but struggled
to exit later due to the small cavity entrance
or deep nest floor (which may not provide a
suitable platform for the female to use while
exiting the nest cavity). It is also likely that the
female was inexperienced and likely attempt-
ing nesting for the first time. Interestingly, the
next day (March 22, 2021), we found another
Indian Grey Hornbill pair inspecting the cavity
just two feet above where the dead female was
(Image 2). This incident highlights the potential
shortage of large trees with suitable cavities for
nesting in urban landscapes.
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